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COMBINATION OF AD-P53 AND CHEMOTHBRAPY FOR THE TREATMENT OF TUMOURS 

L Field of the Invention 

The present invention relates generally to the fields of oncology, pathology, 
5 molecnlar biology and gene tfaer^y. More particularly, it concerns the use of pS3 gene 
therapy to provide clinical benefit in patients with recurrent cancer treated with radiation 
and/or chemotherapy. 

« 

n. Description of Related Art 

10 Cancer is a leading cause of death in most countries, and the result of billions of 

dollars in healthcare expense around the world. Through great effort, significant 
advances have been made in treating cancer, primarily due to the development of 
radiation and chemotherspy-based treatments. Unfortunately, a common problem is 
tumor cell resistance to radiation and chemotherspeutic drugs. For example, NSCLC 

15 accounts for at least 80% of the cases of lung cancer, but patients with NSCLC are 
generally unresponsive to chemotiierapy (Doyle, 1993). One goal of current cancer 
research is to find ways to improve the efficacy of these 'traditional'* therapeutic 
regimens, and the g^etics of cancer cells has led to dramatic discoveries and a greater 
. understanding of disease development 

20 It is now well established that a variety of cancers are caused, at least in part, by 

genetic abnoimatities that result in either the oveiexpression of cancer causing genes, 
called "oncogenes," or from loss of function mutation in protective genes, often called 
'tumor suppressor^' genes. An inq)ortant gene of tiie latter category is pS3 - a S3 kD 
nuclear phosphoprotein that controls cell proliferiation. Mutations to the pS3 gene and 

25 allele loss on chromosome 17p, where this gene is located, are among tiie most firequent 
alterations identified in human malignancies. The p53 protein is highly conserved 
through evolution and is expressed in most normal tissues. Wild*type p53 has been 
shown to be involved in control of the cell cycle (Mercer, 1992), transcriptional 
regulation (Fields and Jang, 1990; Mietz et aL, 1992), DNA replication (Wilcock and 

30 Lane, 1991; Baigonetti et aL, 1991), and induction of apoptosis (Yonish-Rouach et al, 
1991; Shaw et aL, 1992). 
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Various mutant pS3 alleles are known in which a single base substitution results 
in the synthesis of proteins that have quite different growth regulatory properties and, 
ultimately, lead to malignancies (Hollstein et aL, 1991), In fact, the p53 gene has been 
found to be the most fiequently mutated gene in common hmnan cancers (Hollstein et aL, 

5 1991; Weinberg, 1991), and is particularly assodated with those cancers linked to 
cigarette smoke (Hollstein et aL, 1991; Zakut-Houri et aL, 1985). The overexpression of 
p53 in breast tumors has also been documented (Casey et aL, 1991). Interestingly, 
however, the beneficial effect of p53 are not limited to cancers that contain mutated p53 
molecules. In a series of p^>ers, dayman et aL (1994; 1995a; 1995b) demonstrated that 

10 growth of cancer cells e3q>ressing wUd-type p53 molecules was nonetheless inhibited by 
expression of p53 from a viral vector. 

As a result of these findings, considerable effort has been placed into pS3 gene 
therapy. Retroviral delivery of p53 to humans was reported some time ago (Roth et aL, 
1996). There, a retroviral vector containing the wild-type p53 gene under control of a 

15 beta-actin promoter was used to mediate transfer of wild-type p53 into 9 human patients 
with non-small cell lung cancers by direct injection. No clinically significant vector- 
related toxic effects were noted up to five months after treatment. In situ hybridization 
and DNA polymerase chain reaction showed vector-p53 sequences in post-treatment 
biopsies. Apoptosis (programmed cell death) was more fi:equent in post-treatment 

20 biopsies than in pretreatment biopsies. Tumor regression was noted in three patients, and 

tumor growth stabilized in three ofter patients. Similar studies have been conducted 

using adenovirus to deliver p53 to human patients with squamous cell carcinoma of the 

head and neck (SCCHN) (dayman et aL, 1998). Surgical and gene transfer-related 

morbidities were minimalj and the overall results provided preliminary support for tiie 

■ . • 

25 use of Ad-p53 gene transfer as a surgical adjuvant in patients with advanced SCCHN. 

■ • 

Despite these successes, there remains a need to identify specific patient subsets 
that will most benefit firom these procedures, and as a corallary, to idmtify mediods 
v^ch improve the chance of clinical h&aeBt to these patients. 



-3- 



wo 2005/082422 PCT/US200S/006108 

SUMMARY OF THE INVENTION 

Thus, in accordance with the present invention, there is provided a mediod of 
treating a subject with recurrent cancer comprising (ia) selecting a patient based on (i) 

5 prior treatment of cancer with surgery, or a radio- or chemotherapy; and (ii) recurrence of 
cancer subsequent to said treatment, and (b) administering to said subject an expression 
construct comprising a nucleic acid segment encoding p53, said segment under the 
control of a promoter active in a cancer cell of said subject, said expression constmct 
expressing p53 in said cancer cell. A subsequent step (c) that follows step (b) of 

10 administering to said subject a second radio- or chraiotherapy, whereby said expression 
construct sensitizes said cancer cell to said second radio? or chemotherapy, thereby 
treating said cancer may also be provided. 

The first radio- or chemother^y and said second radio- or chemotherapy may be 
the same or different The subject may be a non-human animal, or a human subject. The 

15 . first and/or second radio- or chemotherapy may be chemotherapy, such as busulfan, 
chlorambucil, cisplatinum, cyclophosphanodde, dacarbazme, ifosfamide, 
mechloretfaamine, melphalan, S-FU, Ara-C, fludarabine, gemcitabine, methotrexate, 
doxorubicin, bleomycm, dactinomycin, daunorubicin, idanibicin, mitomycin C, 
docetaxel, taxol, etoposide, paclitaxel, vinblastine, vincristine, vmorelbine, camptothedn, 

20 carmustine, or lomustine. The first and/or second radio- or chemotherapy may be 
radiotherapy, such as x-rays, gamma rays, or microwaves. The first and/or second radio- 
or chemotherapy may be characterized as a DNA damaging therapy. 

The treated cancer may be brain cancer, head & neck cancer, esophageal cancer, 
tracheal cancer, lung cancer, liver cancer stomach . cancer, colon cancer, pancreatic 

25 cancCT, breast cancer, cervical canc^, uterine cancer, bladder cancer, prostate cancer, 
testicular cancer, skin cancer, rectal cancer lymphoma or leukemia. 

The expression construct inay be a viral e^qxression construct, such as a retroviral 
constmct, a herpesviral constmct, an adenoviral constmct, an adisno-associated viral 
construct, or a vaccinia viral construct The viral expression constmct may be a 

30 replication-competent virus or adenovirus, or a replication-defective virus or adenovirus. 
Alternatively, the expression construct may be a non-viral expression construct, such as 
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one that is comprised within a lipid vehicle. The promoter may be CMV IE, RSV LTR, 
p-actin, Ad-El, Ad-E2 or Ad-MLP. Othor gene ther^y vectors and promoters known to 
those skilled in the art may also be utilized. 

The time period betweai stq>s (b) and (c) may be about 24 hours, about 2 days, 
5 about 3 days, about 7 days, about .14 days, about 1 month, about 2 months, about 3 
months, or about 6 months. Recurrence may be recunrence at a primary tumor site or a 
metastatic site. The subject may have had surgical resection prior to step (b), and/or the 
method may further comprise surgical resection following step (c). Administering in step 
(b) may be intratumoral, to a tumor vasculature, local to a tumor, regional to a tumor, or 
10 systemic. Administering in step (c) may be intratumoral, to a tumor vasculature, local to 
a tumor, regional to a tumor, or systemic. 

It is contemplated that any method or composition described herein can be 
implemented wifli respect to any other method or composition described herem. 

The use of the word 'V* or ''an" when used in conjunction with the term 
15 ^'comprising" in the claims and/or the specification may mean "one," but it is also • 
consistent with the meaning of one or more," "at least one," and "one or more than one." 

The tenn "abouf ' means, in general, the stated value plus or minus 5%. 

The use of the term "or" in the claims is used to mean "and/of' unless explicitly 
indicated to refer to alternatives only or the altemative are mutually exclusive, although 

m 

20 the disclosure supports a definition that refers to only alternatives and "and/or." 

Other objects, features and advantages of the present invention will become 
parent fifom the following detailed description. It should be understood, however, that 
the detailed description and the specific examples, while mdicating specific embodiments 
of the invention, are given by way of illustration only, since various changes and 

25 modifications within the spirit and scope of the invention will become ^parent to those 
skilled in the art fi^m this detailed description. 
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BRIEF DESCSIFnON OF THE DRAWINGS 

The following drawings fonn part of the present ^edfication and are included to 
fiirdier demonstrate certain aspects of the present invention. The invention, may be better 
understood by reference to one or more of these drawings in combination with the 
detailed description of specific ^nbodiments presented herein. 

* * 

FIG. 1 - Advexin® Phase 2 Head and Neck Data on Recmrent or Refiactory 
Disease (T201, T2Q2 and T207 Lesional Response). 

FIG. 2 - Advexin® Phase 2 Head and Nedc Data (T201 versuis T202; Increased 
Survival). 

FIG. 3 - Advexin® Phase 2 Head and Neck Data Disease (T201+T202 vesrus 
T207; Increased Survival). 

HG. .4 - Advexm® Phase 2 Head and Neck Data (Combined, T201, T202 and 
1207 - Advexin® + Chanotherapy). 
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DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

1. The Present Invention 

As discussed above, pS3 gene therapy at the clinical level has been under study 
for a decade. Overall, the success of this approach has been remarkable, showing 
5 substantial increased benefits over than seen with traditional flierapeutic approaches. 
Moreover, the side elSects of gene thereby appear minimal, and there have been no 
confirmed deaths associated with the therapy. However, as wiUi most anti-cancer 
treatments, there still remains a substantial need to improve the ef&cacy of p53 gene 
therapy. 

10 In a retrospective analysis of Ad-pS3 clinical trials, some remarkable observations 

have been made. While gene therapy alone provided substantial benefit to patients who 
exhibited recurrent cancer, patients receive a subsequent reghnieii of diembtherapy 
showed a dramatic increase in survival. Since patients tiiat received tibie g&xe fhetspy had 
received at least one previous round of radio- or chemotherapy, the responsiveness of the 

1 5 cancer to a subsequent conventional treatment was quite unexpected. 

Thus, the present invention focuses on treatment of a specific subset of patients - 
those with recurrent cancer. Such patients are those in the greatest need of new therapies, 

* 

and recurrence of a primary cancer is a grave clinical indicator. In addition, the present 

« 

invention provides an improved therapeutic regimen for these patients involving (a) prior 
20 therapy (surgery, radiation, chemotherq)y or any combination thereof); (b) followed by 
p53 gene tiierapy. Finrther benefit can also be obtained by subsequent treatment with (c) 
at least one round of radio- or chemotherapy. Together, this particular treatment 
combination, on ibis particular patient subset, provides increased clinical benefits. While 
not entkely clear, the pS3 may be providing a radiosensitizing or chemosensitizing effect 
25 to the recurrent tumors cells. Altematively, the efifect may derive from a partial or 
contributory sqyoptotis effect that is augmented by the radiation or chemotiiera^eutic. 

The radio- or chemother^y tiiat is provided subsequent to p53 gene ther^y may 
occur relatively quiddy, although long enough after the p53 gene therq>y to permit pS3 
expression. Thus, it is contemplated that earlier time points for subsequent thorny 

« 

30 include as early as about 24 hours post-pS3 treatment, but may range up to a 3- to 6- 
montii time firame. The present invention may be utilized in a variety of cancers, 
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including sarcomas and carcinomas, and in particular, lymphomas, leukemias, gliomas, 
adenocarcinomas, squamous cell carcinomas (including head and neck), non-small cell 
cancer (including lung), melanomas, and oth^. 

Delivery of the pS3 e3q>ression constructs and/or chemother^eutic drugs and/or 
5 radiation to patients is contemplated through a vari^ of different routes, using a variety 
of different regimens, and include local (iniratumoral, tumor vasculature), regional and 
systemic delivery. Regimens for delivery of p53 gene ther^y may follow those 
described in the examples, but more generally will involve one, two, three, four, five, six 
or more administrations of the p53 expression vector. Similarly, radio- or chemotherapy 
1 0 may be provided in multiple administrations. 

The details for practicing the present invention are provided in the following 

pages. 

n. p53 

15 p53 is phosphoprotein of about 390 amino acids which can be subdivided into 

four domains: (i) a highly charged acidic region of about 75-80 residues, (ii) a 
hydrophobic proline-rich domain (position 80 to 150), (iii) a central region (from 150 to 
about 300), and (iv) a highly basic C-terminal region. The sequence of p53 is well 
conserved in vertebrate species, but there have been no proteins homologous to p53 

20 identified in Iowct eucaryotic organisms. Conq)arisons of the amino acid sequence of 
human, Afiican green monkey, gqldra hamster, rat, chicken, mouse, rainbow trout and 
Xenopus laevis pS3 proteins indicated five blocks of higjhly conserved regions, which 
coincide with the mutation clusters found in p53 in human cancers evolution. 

p53 is located in the nucleus of cells and is very labile. Agents which damage 

25 DNA induce p53 to become very stable by a post-translational mechanism, allowing its 
concentration in the nucleus to increase dramaticaUy. p53 suppresses progression 
through the cell cycle in response to DNA damage, thereby allowing DNA repair to occur 
before repUcating the genome. Hence, p53 prevents the transmission of damaged genetic 
information fiom one cell gmeration to the next initiates q)optosis if the damage to the 

30 cell is severe. Mediators of this effect included Bax, a well-known ""induce of 
q>optbsis." 
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As discussed above, mutations in p53 can cause cells to become oncogenically 
transfoimed^ and transfection studies have shovm that pS3 acts as a potent transdominant 
tumor siqypressor, able to restore some level of normal growth to cancerous cells in vitro. 
p53 is a potent transcription factor and once activated, it represses transciiption of one set 
5 of genes, several of which are involved in stimulating cell growtti, while stuiiulating 
expression of other genes involved in cell cycle control 

m. p53 Polynucleotides 

Certain embodiments of the present invention concem nucleic adds encoding a 
10 pS3. Lot certain aspects, both wild-type and mutant versions of these sequences will be 
employed. The term '"nucleic acid" is well known in the art A "nucleic add" as used 
herem will generally refer to a molecule a strand) of DNA, RNTA or a derivative or 

■ 

analog thereof, comprising a nucleotide base. A nucleotide base includes, for example, a 
naturally occurring purine or pyrimidine base found in DNA (e.g., an adenine "A,** a 

15 guanme "G," a thymine or a cytosme "C) or KNA an A, a G, an uracil 'TT' or 
a Q. The term "nucleic acid" encompass the terms "oligonucleotide" and 
"polynucleotide," each as a subgenus of the term '^ucldc acid." The term 
"oligonucleotide" ref<^ to a molecule of betwem about 8 and about 100 nucleotide bases 
in length. The term "polynucleotide" refers to at least one molecule of greater than about 

20 1 00 nucleotide bases in length. 

In certain embodiments, a "gene" refers to a nuddc acid that is transcribed. In 
certain aspects, the gene includes regulatory sequences involved in toanscription or 
message production. In particular embodimmts, a gene comprises transcribed sequences 
tiiat encode for a protein, polypqptide or peptide. As will be understood by those in the 

25 art, this functional term "gene" includes genomic sequences, KNA or cDNA sequences or 
smaller engineered nucldc acid segments, including nucleic acid segments of a non- 
transcribed part of a gene^ including but not limited to the non-transcribed promoter or 
erihancer regions of a gene. Smaller engineered nucldc add segments may express, or 
may be adapted to express protems, polypeptides, polypeptide domains, pq>tides, fusion 

30 protdns, mutant polypeptides and/or the like. 

a • 
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'Isolated substantially away fioom other coding sequences*' means that the gene of 
interest forms part of the coding re^on of the nucleic acid segment, and that the segment 
does not contain large portions of naturally-occurring coding nucleic add, such as large 
chromosomal fragments or other functional genes or cDNA coding regions. Of course, 
. 3 this refers to the nucleic acid as originally isolated, and does not exclude genes or coding 
regions later added to the nucleic acid by the hand of man. 

A. Preparation of Nucleic Acids 

A nucleic acid may be made by any technique known to one of ordinary skill in 

10 the art, such as for example, chraiical syntiiesis, enzymatic production or biological 
production. Non-limiting examples of a synthetic nucleic acid {e.g., a synthetic 
oligonucleotide), include a nucleic acid made by in vitro chemical synthesis using 
phosphotriester, phosphite or phosphoramidite chemistry and solid phase techniques such 
as described in EP 266 032, incorporated herein by reference, or via deoxynucleoside H- 

15 phosphonate intermediates as described by Froehler et dl (1986) and U.S. Patent 
5,705,629, each incorporated h^in by reference. Various mechanisms of 
oligonucleotide synthesis may be used, such as those methods disclosed in, U.S. Patents 
4,659,774; 4,816,571; 5,141,813; 5,264,566; 4,959,463; 5,428,148; 5,554,744; 5,574,146; 
5,602,244 each of which are incorporated herein by reference. 

20 ' A n(m-limiting example of an enzymatically produced nucleic acid include 

nucleic acids produced by enzymes in anqplification reactions such as PGR (see for 
example, U.S. Patents 4,683,202 and 4,682,195, each incorporated herein by referaace), 
or the synthesis of an oligonucleotide described in U.S. Patent 5,645,897, incorporated 
herein by reference. A non-limiting example of a biologically produced nucleic acid 

25 includes a recombinant nucleic add produced (i.e., repticated) in a living cell, such as a 
recombinant DNA vector replicated in bacteria (see for example, Sambrook et al. 2001, 
incorporated h^ein by reference). 



B. Purification of Nucleic Acids 
30 A nucleic acid may be purified- on polyacrylamide gels, cesium chloride 

centrifugation gradients, column chromatography or by any other means known to one of 
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ordinary skill in the art (see for example, Sambrook et aL, 2001, incorporated herein by 
reference). In certain aspects, the present invention concerns a nucleic acid that is an 
isolated nucleic acid. As used herein, the term "isolated nucleic add** refers to a nucleic 
add molecule (e.g., an RNA or DNA molecule) that has been isolated free oJ^ or is 
otherwise free of, bulk of cellular components or in vitro reaction components, and/or the 
bulk of the total genomic and transcribed nucldc acids of one or more cells. Methods for 
isolating nucldc acids (eg., equilibrium density centrifiigation, electrophoretic 
separation, column chromatography) are well known to those of skill in the art 



10 V, Expression of Nudeie Acids 

In accordance with the present invention, it will be desirable to produce pS3 
proteins in a cell. Expression typically requires that appropriate siguals be provided in 
the vectors or expression cassettes, and which include various regulatory elements, such 
as enhancers/promoters fix>m viral and/or mammalian sources that drive expression of the 

1 5 genes of interest in host cells. Elements designed to optimize messenger RNA stability 
and translatability in host cells may also be included. Drug selection markers may be 
incorporated for establishing pamanent, stable cell dones. 

Viral vectors are selected eukaryotic expression systems. . hicluded are 
adenoviruses, adeno-^assodated viruses, retroviruses, herpesviruses, lentivirus and 

20 poxviruses including vaccinia viruses and p^illoma viruses including SV40. Viral 

vectors may be replication-defective, conditionally-defective or rq)lication-conq>etent 

- 

Also contemplated are non-viral delivery systems, including lipid-based vehicles. 



A. Vectors and Expression Constructs 

25 The term 'Vectof ' is used to refer to a carrier nucleic add molecule into which a 

nucldc acid sequence can be inserted for introduction into a cell where it can be 
replicated and/or expressed. A nucldc acid sequence can be "'exogenous" or 
'lieterologous*' which m^ms that it is fordgn to the cell into which the vector is bdng 
introduced or that the sequence is homologous to a sequence in the cell but in a position 

30 within the host cell nucldc add in which the sequence is ordinarily not found. Vectors 
include plasmids, cosmids, viruses (bacteriophage, animal viruses, and plant viruses), and 
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artificial cbiomosomes (e.g., YACs). One of ddU in the art would be well equipped to 
construct a vector through standard recombinant techniques (see» for example, Sambrook 
et aL, 2001 and Ausubel et aL, 1996, both incorporated herein by reference). 

The term "expression vector^' refers to any type of genetic construct comprising a 

5 nucleic acid coding for a SNA capable of being transcribed. In some cases, RNA 
molecules are then translated into a protein, polypeptide, or peptide. Expression vectors 
can contain a variety of "control sequences," which refer to nucleic add sequences 
necessary for the transcription and possibly translation of an operable linked coding 
sequence in a particular host cell. In addition to control Sequences that govem 

10 transoiption and translation, vectors and expression vectors may contaia nucleic acid 
sequences that serve other functions as well, as described below. 

In order to rapress p53, it is necessary to provide an expression vector. The 
appropriate nucleic acid can be inserted into an expression vector by standard subcloning 
techniques. The manipulation of these vectors is well known in the art. Examples of 

IS fiiision protein egression systems are the glutathione S-transferase system (Pharmacia, 
Piscataway, NJ), the maltose binding protein system (NEB, Beverley, MA), the FLAG 
system (IBI, New Haven, CT), and the 6xHis system (Qiagen, Chatsworth, CA). 

In yet anotho: embodiment, the expression syst^ used is one driven by the 
baculovirus polyhedron promote. The gene encoding the protein can be manipulated by 

20 standard techniques in order to £icilitate cloning into the baculovirus vector. A preferred 
baculovirus vector is the pBlueBac vector (Invitrogen, Sorrento, CA). The vector 
carrying the gene of interest is transfected into Spodoptera frugiperda (S£?) cells by 
standard protocols, and the cells are cultured and processed to produce the recombinant 
protein. Mammalian cells exposed to baculoviruses become infected and may express 

25 the foreign gene only. This way one can transduce all cells and express the gene in dose 
dependent manner. 

There also are a variety of eukaryotic vectors that provide a suitable vehicle in 
which recombinant polypeptide can be produced. HSV has been used in tissue culture to 
express a large number of exogenous genes as well as for high level expression of its 
30 endogenous genes. For example, the chicken ovalbumin gene has heexi expressed from 
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HSV using an a promote. Heiz and Roizman (1983). The ktcZ geae also has been 
expressed under a variety of HSV promoters. 

Throughout this application, the term "expression construct" is meant to include 
any type of genetic construct containing a nucleic acid coding for a gene product in 
S which part or all of the nucleic acid encoding sequence is capable of being transcribed. 
The transcript may be translated into a protein, but it need not be. Thus, in certain 
. embodiments, expression includes both transcription of a gene and translation of a SNA 
into a gene product. Jn other embodiments, expression only includes transcription of the 
nucleic add. 

m 

10 In prefored embodiments, the nucleic acid is under transcriptional control of a 

promoter. A "promoter" refers to a DNA sequence recognized by the syalhetic 
machixiery of the cell, or iatroduced synthetic machinery, required to initiate the specific 
transcription of a gene. The phrase "under transcriptional control" means that the 
promoter is in the correct location and orientation in relation to the nucleic acid to control 

1 S SNA polymerase initiation and expression of the gene. 

The term promoter will be used here to refer to a group of transcriptional control 
modules that are clustered around the initiation site for RNA polymerase n. Much of the 
thintdng about how promoters are organized derives from analyses of several viral 
promoters, including those for the HSV thymidine kmase (tk) and SV40 early 

« 

20 transcription units. These studies, augmented by more recent work, have shown that 
promoters are composed of discrete functional modules, each consisting of approximately 
7-20 bp of DNA, and containing one or more recognition sites for transcriptional 
activator or repressor proteins. 

* 

At least one module in each promoter functions to position the start site for KNA 
25 syntiieds. The best known example of this is the TATA box, but in some promotes 
lacking a TATA box, such as the promoter for the mammalian temodnal deoxynucleotidyl 
transferase gene and the promoter for the SV40 late genes, a discrete element overiying 
the start site itself helps to fix the place of initiation. 

Additional promoter elements regulate the frequency of transcriptional initiation. 
30 Typically, these are located in the region 30-1 10 bp upstream of the start site, although a 
number of promoters have recently been shown to contain functional elements 
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downstream of the start site as well. The spacing between promoter elements frequently 
is flexible, so that promoter function is preserved when elements are inverted or moved 

■ 

relative to one another. In the tk promoter, the spacing between promoter elements can 
be inareased to 50 bp apart before activity begins to decline. Depending on Hxe promoter, 

S it appears that individual elemrats can function dther co-operatively or independently to 
activate transcription. 

The particular promoter that is employed to control the expression of a nucleic 
acid is not believed to be critical, so long as it is capable of expressing the nucleic add in 
the targeted ceU. Thus, where a human cell is targeted, it is preferable to position the 

10 micleic acid coding rejgion adjacent to and under the control of a promoter that is cs^able 
of being e3q[>ressed in a human cell. Generally speaking, such a promoter might include 
either a human or viral promoter. 

In various otiier embodiments, the human cytomegalovirus (CMV) immediate 
early gme promoter, the SV40 early promoter and the Rous sarcoma virus long terminal 

1 5 repeat can be used to obtain high-level expression of transgenes. The use of other viral or 
mammalian cellular or bacterial phage promoters which are well-known in tbe art to 
achieve expression of a transgene is contemplated as well, provided that the levels of 
expression are sufficient for a given purpose. Tables 1 and 2 hst several 
elements/promoters which may be employed, in the context of the present invention, to 

20 regulate ttie expression of a transgene. This list is not exhaustive of all the possible 
elements involved but, merely, to be exemplary thereof. 

Enhancers were originally detected as genetic elements that . increased 
transcription from a promoter located at a distant position on the same molecule of DNA. 
This ability to act over a large distance had Uttle precedent in classic studies of 

25 prokaryotic transcriptional regulation. Subsequent work showed that regions of DNA 
^th enhancer activity are organized much like promoters. That is, they are coniposed of 
many individual elemmts, each of which binds to one or more transcriptional proteins. 

The basic distinction between enhancers and promote is operationaL An 
enhancer region as a whole must be able to stimulate transoiption at a distance; this need 

30 not be true of a promoter re^on or its component elements. On tfie other hand, a 

« 

promoter must have (me or more elements that direct mitiation of KNA synthesis at a 
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particiilar site and in a particular orientation^ whereas enhancers lack these specificities. 
Promoters and eiihaiicers are often overlapping and contiguous, often seeming to have a 
very similar modular organization. 

Additionally any promoter/enhancer combination (as per fhe Eukaryotic Promoter 
S Data Base EPDB) could also be used to drive expression of a transgene. Use of a T3, T7 
or SP6 cytoplasmic expression system is another possible embodiment. Eukaryotic cells 
can support cytoplasmic transcription from certain bacterial promoters if the ^propriate 
bacterial polymerase is provided, either as part of the deUvery complex or as an 
additional genetic expiession construct 

10 

TABLE 1 
PROMOTER 

_ * 

Immunoglobulin Heavy Chain 
hiununoglobulin Lig^t Chain 

T-Cell Receptor 

HLADQgandPQB 

fi-Ihterferon 
hiterleuldn-2 

« 

lDterleukin-2 Receptor 

MHCQassnS 

MHC Caass n HLA-DRg . 

6-Actin 

Muscle Creatine Kinase 
Prealbumin (Transthyretin) 
Elastase/ 

_ _ < 

Metallotfaionein 
Collagenase 
Albumin Gene 

• 

a-F^cqprotein 
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PROMOTER 

t-Globin 

B-Globin 

c*fos 

c-HA-ras 

Insulin 

Neural Cell Adhesion Molecule (NCAM) 



^l-Antitiypsia 

HZBCm2B)Histane ' 

Mouse or Type I Collagen 

Glucose-Regulated Proteins (GRP94 and GRF7S) 

Rat Growth Hormone 

Human Serum Amyloid A (SAA) 

Troponin I (TNI) 

Platelet-Derived Growth Factor 
Duchenne Muscular Dystrophy 

SV40 

Polyoma 

Retroviruses 

Papillomavirus 

Hepatitis B Virus 

Human Immunodeficiency Virus 

Cytomegalovirus 

Gibbon Ape Leukemia Virus 
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TABLE 2 ' 



Elemoit 


Inducer 


MID 


Phoibol Ester (IPA) 
HeavY metals 


MMTV (mouse inaniinarv tumor 

virus) 


Glucocorticoids 


fi-Biterferoii 


Poly(rI)X 
Poly(rc) 


Adenovirus 5 E2 


Ela 


c-jun 


Phoibol Ester (TPA), H2Q2 


CoUa^nase 


Phorbol Ester (TPA) 


Stromelysm 


Phorbol Ester (TPA), IL-1 


SV40 


Phorbol Ester (TPA) 


Murine !MX Gene 


Interfenm^ Newcastle Disease Vurus 


GRP78 Geae 


A23187 

• 


a-2-Macroglobulin 


IL-6 


Vimentin 


Serum 


MHC Class I Gene H-2kB 


Interleron 


HSP70 


Ela, SV40 LaigeT Antigrai 


Proliferin 


Phorbol Ester-TPA 


Tumor Necrosis Factor 


FMA 


Iliyroid Stimulating Honnone a 
IGene 


Thyroid Honnone 



One will typically include a polyadenylation signal to effect proper 
polyadenylation of the transcript The nature of the polyadenylation signal is not 

S beheved to be crucial to the successful practice of the invention, and any such sequence 
may be employed. Preferred embodiments include the SV40 polyadenylation signal and 
the bovine growth hormone polyadenylation signal, conveniCTt and known to fimction 
well in various target cells* Also contemplated as an element of the expression cassette is 
a terminator. These elements can serve to enhance message levels and to minimize read 

10 through fiom the cassette into other sequences. 
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■ • ■ 

A specific initiation signal also may be required for efficient translation of coding 
sequences. These signals include the ATG initiation codon and adjacent sequences. 
Exogenous translational control signals^ including the ATG initiation codon, may need to 
be provided. One of ordinary skill in the art would readily be capable of determining this 
S and providing the necessary signals. It is well known that the initiation codon must be 
^in-fiame'' witii the reading frame of the desired coding sequence to ensure translation of 

a 

the entire insert. The exogenous translational control signals and initiation codons can be 
either natural or synthetic. The efficiency of expression may be enhanced by the 

« 

inclusion of appropriate transcription enhancer elements (Bittner et aL, 1987). 
10 In various embodiments of the invention, the expression construct may comprise a 

virus or engineered construct derived j&om a viral genome. The abihty of certain viruses 
to rater cells via recq>tor-mediated endocytosis and to integrate into host cell genome 

4 

and express viral genes stably and ef&dentiy have made them attractive candidates for 
the transfer of foreign genes into mammalian cells (Ridgeway, 1988; Nicolas and 

IS Rubenstein, 1988; Baichwal and Sugden, 1986; Temin, 1986). The first viruses used as 
vectors were DNA viruses including the papovaviruses (simian virus 40, bovine 
papilloma virus, and polyoma^ (Elidgeway, 1988; Baichwal and Sugden, 1986) and 
adenoviruses (Ridgeway, 1988; Baichwal and Sugden, 1986) and adeno-associated 
viruses. Retroviruses also are attractive gene transfer vehicles (Nicolas and Rubenstein, 

20 1988; Temin, 1986) as are vaccinia virus (Ridgeway, 1988) and adeno-associated virus 
^dgeway, 1988). Such vectors may be used to (i) transform cell lines in vitro for the 
purpose of expressing proteins of interest or (ii) to transform cells in vitro or in vivo to 

V 

provide ther^eutic polypeptides in a gene therapy scenario. 



25 B. ViralVectors 

Viral vectors are a kind of expression construct that utilizes viral sequences to 
introduce nucleic acid and possibly proteins into a cell. The ability of certain viruses to 
infect cells or enter cells via receptor-mediated endocytosis, and to integrate into host cell 
g^ome and express viral genes stably and efiSdently have made them attractive 

30 candidates fi>r the transfer of finrdgn nucleic acids into cells (eg;, mammalian cells). 
Vector components of the present invention may be a viral vector that encode one or 
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moie candidate substance or other components such as, for example, an 
immunomodulator or adjuvant for the candidate substance. Non-limiting examples of 
virus vectors that may be used to deliver a nucleic acid of the present inv^tion are 
described below. 

5 

1. Adenoviral Vectors 

a. Virus Characteristics 
Adenovirus is a non-enveloped double-stranded DNA virus. The virion consists 
of a DNA-protein pore within a protein capsid. Virions bind to a specific cellular 

10 receptor, are endocytosed, and the genome is extruded from endosomes and tran^rted 
to the nucleus. The genome is about 36 kB, ^coding about 36 genes. In the nucleus, the 
'"immediate early ElA protems are e3q[>ressed initially, and these proteins induce 
e3q>ression of the ''delayed early" im>teins encoded by Oie ElB, E2, E3, and E4 
transcription units. Virions assCTible in ttie nucleus at about 1 day post infection (p.i.)> 

15 and after 2-3 days the cell lyses and releases progeny virus. Cell lysis is mediated by the 
E3 1 1.6K protein, which has been renamed "adenovirus death protein" (ADP). 

Adenovirus is particularly suitable for use as a gene transfer vector because of its 
mid-sized genome, ease of manipulation, high titer, wide target-cell range and high 
infectivity. Both ends of the viral genome contain 100-200 base pair inverted repeats 

20 (ITRs), which are c£s elements necessary for viral DNA repUcation and pac^agm The 
early (E) and late (L) regions of the genome contain different transcription units that are 
divided by the onset of viral DNA replication. The El region (BIA and ElB) encodes 
proteins responsible for the regulation of transcription of the viral genome and ia few 
cellular genes. The expression of the E2 region (E2A and E2B) results in the synthesis of 

25 the proteins for viral DNA replication. These proteins are involved in DNA r^lication^ 
late gene expression and host cell shut-oJff (Renan, 1990). The products of the late genes, 
including the majority of the viral c^sid proteins, are expressed only after significant 
processing of a single primary transcript issued by the major late promoter (MLP). The 
MLP, (located at 16.8 in.u.) is particularly efficient during the late phase of infection, and 

30 all tiie mRNA's issued from this promoter possess a 5'-tripartite leader (IPL) sequence 
which makes them preferred mRNA's for translation. 
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Adenovirus may be any of the 31 different known serotypes or subgroups A-F. 
Adenovirus type S of subgroup C is the human adenovirus about which the most 
biochemical and goietic infonnation is known, and it has historically been used for most 
constructions employing adenovirus as a vector. Recombinant adenovirus often is 
5 generated from homologous recombination between shuttle vector and provirus vector. 
Due to the possible recombination between two proviral vectors, wild-type adenovirus 
may be genemted from this process. Therefore, it is critical to isolate a single clone of 
virus from an individual plaque and examine its genomic structure. 

Viruses used in gene therapy may be either replication-competent or replication- 

10 deficient Generation and propagation of the adenovirus vectors which are replication- 
deficient dq>mds on a helper cell line, the prototype being 293 cells, prepared by 
transformiiig human embryonic kidney cells with AdS DNA fragments; this cell line 
constitutively expresses El protdns (Graham et al., 1977). However, helper cell lines 
may be derived from human cells such as human embryonic kidney cells, muscle cells, 

IS hematopoietic cells or other human embryonic mesenchymal or epithelial cells. 
Altematively, the helper cells may be derived fix>m the cells of other mammalian species 
that are permissive for human adenovirus. Such cells include, e.g., Vero cells or other 
monkey embryonic mesenchymal or epithelial cells. As stated above, the preferred 
helper cell line is 293. 

20 Racher et al (1995) have disclosed improved methods for culturing 293 cells and 

propagating adenovirus, hi one format, natural cell aggregates are grown by inoculating 
individual cells into 1 liter siliconized spinner flasks (Tedme, Cambridge, UK) 
containing 100-200 ml of medium. Following stirring at 40 xpm, the cell viability is 
estimated with trypan blue. In another format, Fibra-Cel nucrocairiers (Bibby Sterlin, 

■ * • 

• * 

25 Stone, UK) (5 g^) is employed as follows. A cell inoculimi, resuspended in 5 ml of 
medium, is added to the carrier (SO ml) in a 250 ml Erlenmeyer fia^ and left stationary, 
with occasional agitation, for 1 to 4 h. The medium is then replaced with SO ml of fresb 
medium and shaking initiated. For virus production, cells are allowed to grow to about 
80% confluence, after whidi time the medium is replaced (to 25% of the final volume) 

30 and adenovirus added at ah MOI of 0.O5. Cultures are left stationary overnight. 
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following which the volume is increased to 100% and shaking conunenced for another 
72h. 

Adenovirus growth and manipulation is kno^ to those of skill in the art, and 
exhibits broad host range m vi(ra and in Wva. This grotq> of viruses can be obtained in 
5 high titers, e.g., 10^-10^^ plaque-forming units per ml, and they are highly infective. The 
life cycle of adenovirus does not require integration into the host cell genome. The 
foreign genes delivered by adenovirus vectors are episomal and, therefore, have low 
genotoxicity to host cells. No side effects have been reported in istudies of vaccination 
with wild-type adenovirus (Couch et aLy 1963; Top et aLy 1971), demonstrating their 

> 

10 safety and ther^eutic potential as in vivo gene transfer vectors. 

Admovirus vectors have been used in eukaryotic gene expression (Levrero et aL, 

1991; Gomez-Foix et aL, 1992) and vacdne development (Gninhaus and Horwitz, 1992; 
. Graham and Prevec, 1992). Animal studies have suggested that recombinant adenovirus 

could be used for gene therapy (Stratford-Perricaudet and Perricaudet, 1991; Stratford- 
15 Perricaudet et aL, 1990; Rich et aL, 1993). Studies in administering recombinant 

admovirus to different tissues include trachea instillation (Rosenfeld et al.y 1991; 

Rosenfeld et aL, 1992), muscle injection (RsLgot et aly 1993), peripheral intravenous 

injections (Herz and Gerard, 1993) and stereotactic inoculation into the brain (Le Gal La 

Salle et aL, 1993). 

20 

b. Engineeiing 

As stated above. Ad vectors are based on recombinant Ad's fbaX are either 
replication-defective or replication-competent. Typical replication-defective Ad vectors 

r 

lack the. El A and ElB genes (collectively known as El) and contain in their place an 

4 

« * 

25 . ^ression cassette consisting of a promoter and pre-mRNA processing signals which 
drive expression of a foreign gene. These vectors are unable to replicate because they 
lack the ElA genes required to induce Ad gene e3q>ression and DNA replication, hi 
addition, the E3 genes can be deleted because they are not essential for virus rq[)lication 
in cultured cells. It is recognized in the art that r^lication-defective Ad vectors have 

30 sev^ characteristics tiiat make, ibem suboptinial for use in therq>y. For example. 
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production of rcplication-defective vectois requires fhat they be grown on a 
complementing cell line that provides the El A proteins in trans. 

Several groups have also proposed using replication-coinpetent Ad vectors for 
therapeutic use. Replication-competent vectors retain Ad genes essential for replication, 
S and thus do not require complementing cell lines to replicate. Replication-competent Ad 
vectors lyse cells as a natural part of the hfe cycle of the vector. An advantage of 
replication-competent Ad vectors occurs when the vector is engineered to encode and 

♦ 

express a foreign protein. Such vectors would be expected to greatly amplify synthesis of 
the mcoded protein in vivo as the vector rephcates. For use as anti-cancer agents, 
10 rq[>lication-competeQt viral vectors would theoretically be advantageous in that they 
would replicate and spread throughout the tumor, not just in the initially infected cells as 
is the case with repUcation-defective vectors. 

■ 

Yet another approach is to create viruses that are conditionally-replication 
competmt. Onyx Pharmaceuticals recently reported on adenovirus-based anti-cancer 

IS vectors which are replication-deficient in non-neoplastic cells, but which exhibit a 
replication phenotype in neoplastic cells lacking functional pS3 and/or retinoblastoma 
(pRB) tumor suppressor proteins (U.S. Patent 5,677,178). This phenotype is reportedly 
accomt)Ushed by using recombinant adenoviruses containing a mutation in the BIB 
region that renders the encoded E1B-5SK protein incapable of binding to pS3 and/or a 

20 mutation(s) in the ElA region which make the encoded El A protein (p289R or p243R) 

* 

incspable of binding to pRB and/or p300 and/or pl07. ElB-SSK has at least two 
independoit functions: it binds and inactivates the tumor siq>pressor protein pS3, and it is 
required for efScient transport of Ad mRNA fix>m the nucleus. Because these ElB and 

ElA viral protems are involved in forcing cells into S-phase, which is required for 

. ' • 

25 rq)hcajdon of adenovirus DNA, and because the pS3 and pRB proteins block cell cycle 
progression, the recombinant adenovirus vectors described by Onyx should replicate in 
cells defective in pS3 and/or pRB, which is the case for many cancer cells^ but not in cells 
with wild-type pS3 and/or pRB. 

Another repUcation-competent adenovirus vector has tiie gene for ElB-SSK 

30 replaced with the heipes simplex virus thymidine kinase gene (Wilder et aL, 1999a). The 
group that constructed this vector reported that the combination of the vector plus 
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gancyclovir showed a fherapeutic effect on a human colon cancer in a nude mouse model 
(Wilder et aL, 1999b). However, this vector lacks the gene for ADP, and accordingly, the 
vector will lyse cells and ^ead £tom cell-to-cell less e£Bciently than an equivalent 
vector that expresses ADP. 
5 The present inventor has taken advantage of the differential expression of 

telomerase in dividing cells to create novel adenovirus vectors which overexpress an 
adenovirus death protein and which are replication-competent in and, preferably, 

« * 

replication-restricted to cells expressing telomerase. Specific embodiments include 
disrupting El A*s ability to bind pSOO and/or members of the Kb family members. Others 

10 include Ad vectors lacking expression of at least one E3 protein selected £rom the group 
consistiDg of 6.7K, gpl9K, RIDa (also known as 10.4K); RIDp (also known as 14.SK) 
and 14.7K. Because wild-type E3 proteins iidubit inmnme-mediated inflammation and/or 
qpoptosis of Ad-infected.cells, a recombinant adenovirus lacking one or more of these E3 
proteios may stimulate iafiltration of inflammatory and immune cells into a tuinor treated 

IS with the adenovirus and that this host immune response will aid in destruction of the 
tumor as well as tumors that have metastasized. A mutation in the E3 region would 
impair its wild-type function, making the viral-infected cell suscqptible to attack by the 
host's immune system. These viruses are described in detail in U.S. Patent 6,627,190. 

Other adenoviral vectors are described in U.S. Patents 5,670,488; 5,747,869; 

20 5,932,210; 5,981,225; 6,069,134; 6,136,594; 6,143,290; 6,210,939; 6^6,845; 6,410,010; 
and 6,5 1 1,184; U.S. Publication No. 2002/0028785. 

2. AAV Vectors 
The nucleic add may be introduced into the cell using adenovirus assisted 
25 transfection. Mcreased transfection efQciwcies have been rq>oited in ceU systeois using 
ad^ovirus coiq>led systems (Kelleher and Vos, 1994; Gotten ^ aL, 1992; Curiel, 1994). 
Adeno-assodated vims (AAV) is an attractive vector system for use in the methods of the 
present invention as it has a high firequency of integration and it can infect nondividing 
cells, thus making it useful for deUvery of g^es into mammalian cells, for example, in 
30 tissue culture (Muzyczka, 1992) or in vivo. AAV has a broad host range for infectivity 
(Tratschin et al, 1984; Laughlin et al, 1986; Lebkowski et al, 1988; McLaughlin et 
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aL, 1988). Details conceming the geaeration and use of tAAV vectors are described in 
U.S. Patents 5,139^941 and 4,797,368, each incoiporated herein by reference. 

• • • 

3. Retroviral Vectors 

S Retroviruses have promise as therapeutic vectors due to their ability to integrate 

their genes into &e host genome, transferring a large amount of foreign genetic material, 
infecting a broad spectrum of species and cell types and of being packaged in special 
ceU-lines (MiUer, 1992). 

hi order to construct a retroviral vector, a nucleic acid is inserted into the viral 
10 genome in tiie place of certain viral sequraces to produce a virus that is 

■ 

replication-defective. In order to produce virions, a packaging cell line containing die 
gag, pol, and env genes but without the LTR and packaging components is constructed 
(Mam et aL, 1983). When a recombinant plasmid contaming a cDNA, together witii the 
retroviral LTR and packagmg sequences is introduced into a special cell line (eg., by 
IS calcium phosphate precipitation for example), the packaging sequence allows the RNA 
transcript of the recombinant plasmid to be packaged into viral particles, which are then 
secreted into the culture media (Nicolas and Rubenstein^ 1988; Temin, 1986; Manne/ 
a/., .1983). The media containing the recombinant retroviruses is then collected, 
(^tionally concentrated, and used for gene transfer. Retroviral vectors are able to infect a 

« 

20 broad variety of cell types. Howler, integration and stable expression require the 
division of host cells (Paskind et aL, 1975). 

Lentiviruses are complex retroviruses, which, in addition to the common 
retroviral genes gag, poU and env, contain other genes with regulatory or structural 
fiinctioii. Lentiviial vectois are well known in the art (see, for example, Naldini et al., 
25 1996; Zufferey et al., 1997; Blomer et aL, 1997; U^. Patents 6,013,5 16 and 5,994,136). 

Recombinant Irativiral vectors are capable of infecting non-dividing cells and can 
be used for both in vivo tod ex vivo gene transfer and expression of nucleic add 
sequenced. For example, recombixiant lentivirus csq)able of infectuig a non-^viding ceU 
herein a suitable host cell is transfected with two or niore vectors carrying the 
- 30 packaging functions, namely gag, pol and env» as well as rev and tat is described in U.S. 
Patent 5,994,136, incorporated herein by reference. One may target the recombinant 

-24- 



I 



wo 2005/082422 PCTAJS2005/006108 

virus by linkage of the envelope piotein with an antibody or a particular ligand for 
targeting to a receptor of a paiticialar cell-type. By inserting a sequence (including a 
regulatory region) of interest into ttxe viral vector, along with another gene whioh encodes 

■ 

the ligand for a receptor on a specific target cell, for example, the vector is now target- 
5 specific. 

4. Other Viral A^ectors 
Other viral vectors may be employed as vaccine constructs in the present 
invention. Vectors derived from viruses such as vaccinia virus (Ridgeivay, 1988; 
10 Baichwal and Sugden, 1986; Couparer al, 1988), sindbis virus, cytomegalovirus and 
herpes sinoplex virus may be employed. They offer several attractive features for various 
mammalian cells (Friedmann, 1989; Ridgeway, 1988; Baichwal and Sugden, 1986; 
Coupar a^:, 1988; Horwich a/1, 1990). 

15 5. Delivery Using Modified Viruses 

A nucleic acid to be delivered may be housed v^thin an infective virus that has 

been engineered to express a specific binding ligand. The virus particle will thus bind 

specifically to the cognate receptors of the target cell and deliver the contents to the cell. 

A novel s^proach designed to allow specific targeting of retrovirus vectors was 
20 developed based on the chemical nnodification of a retrovirus by die chemical addition of 

lactose residues to the viral ravelope. This modification can p^nnit the specific infection 

of hq>atocytes via sialoglycoproteia receptors. 

Another approach to targeting of recombinant retroviruses was designed in which 

biotinylated antibodies against a retroviral envelope protein and against a specific cell 

* 

25 receptor were used. The antibodies were coiq>ied via tiie biotin components by using 
streptavidin (Roux ei aL, 1989). Using antibodies against major histocompatibility 
coniplex class I and class n antigens, they demonstrated the infection of a variety of 
human cells that bore those surfece antigens with an ecotropic virus in vitrc? (Roux et 

m 

al., 1989). 

30 . 
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6. Non-Viral Ddivery 

Lipid-based non-viral foimulations provide an alternative to adenoviral 
therapies. Although many cell culture studies have documented lipid-based non-viral 
gene transfer, systemic gene delivery via lipid-based formulations has been limited. A 

a 

S major limitation of non-viral lipid-based gene delivery is the toxicity of the cationic lipids 
that comprise the non-viral delivery vehicle. The m vivo toxicity of liposomes partially 
explains the discrepancy between in vitro and in vivo gene transfer results. Another 
factor contributing to this contradictory data is the difference in liposome stability in the 
presence and absence of serum proteins. The interaction between hposomes and serum 

10 proteins has a dramatic impact on the stability characteristics of Iqmsomes (Y^ang and 
Huang, 1997). Cationic liposomes attract and bind negatively charged serum proteins. 
Liposomes coated by serum protems are either dissolved or takm \sp by macrophages 
leading to their removal from circulation. Current in vivo liposomal delivery methods, use 
aerosolization, subcutaneous, intradermal, intratumoral, or intracranial injection to avoid 

IS the toxicity and stability problems associated with cationic lipids in the circulation. The 
interaction of liposomes and plasma, proteins islargely responsible for the disparity 
between the efficiency of in vitro (Feigner et al., 1987) and in vivo gene transfer (Zhu et 
al, 1993; Philip et al, 1993; Solodin et al, 1995; liu et al, 1995; Thienry et al, 1995; 
Tsukamoto et al, 1995; Aksendjevich et al, 1996). 

20 Recent advances iri liposome formulations have improved the efficiency of gene 

• > 

transfer in vivo (Templeton et al 1997; WO 98/07408, incorporated herein by reference). 
A novel liposomal formulation comjposed of an equimolar ratio of l,2>bis(oleoyloxy)-3- 
(trimethyl ammoiiio)propane (DOTAP) and cholestierol signijSicantly enhances systemic 
in vivo gene transf^, approximately 150 fold. The DOTAPrcholesterol hpid formulation 
25 is said to form a unique structure termed a ''sandwich liposome." This formiilation is 
reported to '"sandwich" DNA between an invaginated bilayer or 'Vase" structure. 
Beneficial characteristics of these liposomes include a positive to negative charge or p, 
colloidal stabilization by cholesterol, two-dhnensional DNA packing and increased serum 
stability. 
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» 

The production of lipid fonnulatioiis often is accomplished by sonication or serial 
extrusion of liposomal mixtures after Q) reverse phase evaporation (H) dehydration- 
rehydration (UI) detergent dialysis and (IV) thin jfilm hydration. Once manu&ctured, 
lipid structures can be used to enc{q[>sulate confounds that are toxic (chemotfaerapeutics) 
S or labile (nucleic acids) when in circulation. Liposomal encapsulation has resulted in a 
lower toxicity and a longer serum half-life for such compounds (Cjabizon et al, 1990). 
Numerous disease treatments are using lipid based gene transfer strategies to ^ance 
conventional or estabhsh novel flierapies, in particular ther^ies for treating 
hyperproliferative diseases. 

10 Liposomes are vesicular structures characterized by a lipid bilayer and an inn^ 

aqueous medium. Multilamellar liposomes have multiple lipid layers sq>arated by 
aqueous medium. They form spontaneously when lipids are suspended in an excess of 
aqueous solution. The lipid components undergo self-rearrangement before the 
formation of structures that ^tcdsp water and dissolved solutes between the lipid bilayers 

IS (Ghosh and Bachhawat, 1991). Lipophilic molecules or molecules with lipophilic 
regions may also dissolve in or associate with the lipid bilayer. 

The liposomes are capable of carrying biologically active nucleic acids, such that 
the nucleic acids are completely sequestoied. The liposome may contain one or more 
nucleic acids and is administered to a mammahan host to efBciently deliver its contents 

20 to a target ceU. The liposomes may comprise DOTAP and cholesterol or a cholesterol 
derivative, hi certain embodiments, the ratio of DOTAP to diolesterol, cholesterol 
derivative or cholesterol mixture is about 10:1 to about 1:10, about 9:1 to about 1:9, 
about S:l to about 1:8, about 7:1 to about 1:7, about 6:1 to about 1:6, about 5:1 to about 
1:5, about 4:1 to about 1:4, about 3:1 to 1:3, more preferably 2:1 to 1:2, and most 

25 preferably 1:1. In further preferred embodimmts, the DOTAP and/or cholesterol 
concentratioiis are about 1 mM, 2 mM, 3 mM, 4 mM, 5 mM, 6 mM, 7 mM, 8 mM, 9 
mM, 10 mM, 11 mM, 12 mM, 13 mM, 14 mM, IS mM, 16 mM, 17 mM, 18 mM, 19 
mM, 20 mM, 25 noM, or 30 mM. The DOTAP and/or Cholesterol concentration can be 
betwem about 1 mM to about 2QmM, 1 mM to about 18 mM, 1 mM to about 16 mM, 

30 about 1 mM to about 14mM, about 1 mM to about 12 mM, about 1 mM to about 10 mM, 
1 to 8 mM, more preferably 2 to 7 mM, still more preferably 3 to 6 niM and most 
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preferably 4 to 5 mM. Cholesterol derivatives may be readily substituted for the 
cholesterol or mixed with the cholesterol in the present invention. Many cholesterol 
derivatives are known to the skilled artisan. Examples include but are not limited to 
cholesterol acetate and cholesterol oleate. A cholesterol mixture refers to a composition 
S that contains at least one cholesterol or cholesterol derivative. 

The formulation may also be extruded usmg a membrane or filter, and this may be 
performed multiple times. Such techniques are well-known to those of skill in the art, for 
example in Martin (1990). Extrasion may be performed to homogenize the formulation 
or limit its size. A contemplated method for preparing liposomes in certain embodiments 

10 is heating, sonicatiag, and sequential extrusion of the tL3>ids through filters of decreasing 
pore size, thereby resulting in. the formation of small, stable liposome structures. This 
preparation produces liposomal complexesor liposomes only of qypropriate and uniform 
size, which are structurally stable and produce maximal activity. 

For example, it is contemplated in certain embodiments of the present invention 

IS that DOTAP:Cholesterol liposomes are prepared by tlie mettiods of Templeton et ah 
(1997; incorporated herein by reference). Thus, in one embodiment, DOTAP (cationic 
lipid) is mixed with cholesterol (neutral lipid) at equimolar concentrations. This mixture 
of powdered lipids is then dissolved with chloroform, tke solution dried to a thin film and 
the fihn hydrated in water containing S% dextrose (wA^) to give a final concentration of 

20 20 mM DOTAP and 20 mM cholesterol. The hydrate^ lipid fihn is rotated in a SO^'C 
water badi for 45 minutes, ttien at SS^'C fot an additional 10 minutes and left standing at 
. room temperature overnight The foUowing day the xnixture is sonicated for 5 minutes at 
SO^C. The sonicated mixture is transferred to a tube aad heated for 10 minutes at SO^C. 
This mixture is sequentially extruded through syringe ifilters of decreasing pore size (1 

25 |jm, 0:45 pm, 0.2 pm, 0.1 fun). 

It also is contemplated that other liposome formulations and mdhods of 
preparation may be combmed to impart desured DOTAP:Cholesterol Uposome 
characteristics. Alternate methods of prq>aring lipid-ba^ed formulations for nucleic acid 
delivery are described by Saravolac et al (WO 99/18935). Detailed are methods in \^ch 

30 lipids compositions are formulated specifically to encapsulate nucleic acids. In another 
liposome formulation, an amphipathic vehicle called a solvent dilution microcanier 
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(SDMC) enables integration of particular molecules into the bi-layer of the lipid vehicle 
(U,S. Patent 5,879,703). The SDMCs can be used to deUver Kpopolysaccharides, 
polypeptides, nucleic acids and the like. Of course, any other metiiods of liposome 
preparation can be used by the skilled artisan to obtain a desired liposome formulation in 
5 the present invention. 

C. Vector Delivery and Cell Transformation 

Suitable methods for nucleic acid delivery for transformation of an organelle, a 
cell, a tissue or an organism for use with \he current invention are believed to include 

10 virtually any method by which a nucleic acid (e.g., DNA) can be introduced into an 
organelle, a cell, a tissue or an organism, as described herein or as would be known to 
one of ordinary skill in the art Such methods include, but are not limited to, direct 
delivery of DNA such as by ec vivo transfection (Wilson et aL, 1989; Nabel et aly 1989), 
by injection (U.S. Patents 5,994,624, 5,981,274, 5,945,100, 5,780,448, 5,736,524, 

15 5,702,932, 5,656,610, 5,589,466 and 5,550,859, each incorporated herein by reference), 
including microinjection (Harlan and Weintraub, 1985; U.S. Patent 5,789,215, 
incorporated herein by reference); by electroporation (U.S. Patent 5,384,253, 
incorporated herem by reference; Tur-Kaspa et aL, 1986; Potter et aL, 1984); by calcium 
phosphate precipitation (Graham and Van Der Eb, 1973; Chen and Okayama, 1987; 

20 Rippe et aL, 1990); by u^g DEAE-dextran followed by polyethylene glycol (Gopal, 
1985); by direct sonic loading (Fechheuner et al., 1987); by liposome mediated 
transfection (Nicolau and Sene, 1982; Fraley aL, 1979; IRcolmetaL, 1987; WongeT 
al.. 1980; Kaneda et al, 1989; Kato et al, 1991) and recq>tor-mediated transfection (Wu 

■ • 

and Wn, 1987; Wu and Wu, 1988); by micioprojectile bombardment (WO 94/096^ and 
25 WO 95/06128; U.S. Patents 5,610,042; 5,322,783 5,563,055, 5,550,318, 5,538,877 and 
5,538,880, and each incorporated herein by reference); by agitation with silicon carbide . 
fibers (Kaeppler et al, 1990; U.S. Pa^ts 5,302,523 and 5,464,765, each incorporated 
herein by reference); and any combination of such mefliods. 
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D. Expression Systenss 

Numerous expression systems exist that coiiq)iise at least a part or all of the 
compositions discussed above. Prokaryote- and/or eukaryote-based systems can be 
employed for use wifli the present invention to produce nucleic: acid sequences, or flieir 

■ 

5 cognate polypeptides, proteins and peptides. Many such syst&rms are commercially and 
widely available. 

The insect cell/baculovirus system can produce a high level of protein expression 
of a heterologous nucleic add sejgment, such as described in U.S. Patents. 5,871,986, 
4,879^36, both herein incorporated by reference, and which caai be bought, for example, 

10 under the name MaxBac® 2.0 from BsrviTROGEN® and BacPack™ Baculovirus 
ExpwBSSiON System From Qx)NTECH® 

Other examples of expression systems include Stratagene^'s Complete 
CONIROL™ hiducible Mammalian Expression System, which involves a synthetic 
ecdysone-inducible receptor, or its pET Expression Systmi, an JE. coli expression system. 

IS Another example of an inducible expression system is available firom frmxROGEN®, 
which carries the T-Rex™ (tetracycline-regulated expressiocn) System, an inducible 
mammalian expression system that uses the fiill-length CMV promoter. Invitrogen® 
also provides a yeast expression system called the Pichia methanolica Expression 

* 

System, which is designed for high-level production of recombinant proteins in the 
20 methylotrophic yeast Pichia methanolica. One of skill in the art would know how to 
express a vector, such as an expression construct, to produce a. nucleic acid sequence or 
its cognate polypeptide, protein, or peptide. 

It is contemplated that pS3 may be '^overexpressed,^ L expressed in increased 
levels relative to its natural expression in cells. Such overexpression may be assessed by 
25 a variety of methods, mcludmg radio-labeling and/or protein purificatioa However, 
simple and dkect methods are preferred, for exanq>le, those involving SDS/PAGE and 
protein staining or western blotting, followed by quantitative analyses, such as 
densitometric scanning of the resultant gel or blot A specific increase in the level of the 
recombinant protein, polypeptide or peptide in comparison to tlie level in natural cells is 
30 indicative of overexpression, as is a relative abundance of the specific protein. 
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poIypq)tides or peptides in relation to the other proteins produced by the host 

■ 

cell, e.g., visible on a geL 

In some embodimCTts, (he expressed proteinaceous sequence forms an inclusion 
body in the host ceU, the host cells are lysed, for exanq>le, by disruption in a cell 
S homogenizer, washed and/or centrifiiged to separate the dense mclusion bodies and cell 
membranes fix>m the soluble cell components. This centrifugation can be peifoimed 
under conditions whereby the dense inclusion bodies are selectively enriched by 
incorporation of sugars, such as suax>se, into the buffer and centrifugation at a selective 
speed. luclusion bodies may be solubilized in solutions containing high concentrations of 

10 urea (e.g., 8M) or chaotrqpic agents such as guanidine hydrochloride in the presence of 
reducing agents, such as p-mercaptoefhanol or DTT (dittiotttfeitol), and refolded into a 
more desirable conformation, as would be known to one of ordinary skill in the art. 

The nucleotide and protein sequences for pS3 have been previously disclosed, and 
may be found at computerized databases known to those of ordmary skill in the art. One 

IS such database is the National Center for Biotechnology Ihformation's Genbank and 
GenPept databases (www Jicbi.nlm.nih.govy). The coding regions for these known genes 
may be amplified and/or expressed using the techniques disclosed herein or by any 
technique that would be known to those of ordinary skill in the art Additionally, peptide 
sequences may be synthesized by methods known to those of ordinary skill in the art, 

20 such as peptide synthesis using automated peptide synthesis machines, such as those 
available fix>m Applied Biosystems (Foster City, CA). 



E. Mnltigene Constrncts and IRES 

In certain embodiments of the invention, the use of internal ribosome binding 
25 sites (IRES) elements are used to create multigme,. or polycistronic, messages. IRES 
elements are able to bypass the ribosome scanning model of 5' methylated Cs^ 
dependent translation and begin translation at internal sites (Pell^er and Sonenberg, 
1988). IRES elements from two members of the picanovirus family ^lio and 
encephalomyocarditis) have been described (Pelletier and Sonenberg, 1988), as well an 
30 IRES from a mammalian message (Macejak and Samow, 1991). IRES elements can be 
linked to heterologous open readiog frames. Multiple open reading frames can be 
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transcribed together, each separated by an IRES, creating polydstronic messages. By 

■ 

virtue of the IRES element, each open reading frame is accessible to ribosomes far 
efficient translation. Multiple genes can be ejBBciently expressed using a single 
promoter/enhancer to transcribe a single message. 

5 

YI. Therapeutic Intervention 

In accordance with the preset invention, q}plicants provide methods for treating 
recurrent cancer, particularly cancer that has recurred following surgery, radio- and/or 
chemotherapy. More particulariy, the invention relates to treating recurrent cancers wifli 

10 a subsequent radio and/or chemotherapy regimen or agent by administering to a patient 
and expression construct encoding p53. U.S. Patent 5,747,469, U.S. Application No. 
2002/0006914, and U.S. Application No. 2002/0077313, each of which disclose p53 
ther^ies in combination with radio- and chemotherapies, are hereby incorporated by 
reference. In a particular embodiment, the radio and/or chemothen^y incorporates a 

1 5 DNA-damaging regimen or agent. 

The radio- or chemotherapy that is provided subsequent to pS3 gene therapy may 
occur relatively quickly, although long enough aft^ the pS3 gene ther^y to permit pS3 
expression. Thus, it is contenqplated that earUer time points for subsequent ther^y 
include as early as about 24 hours post-pS3 treatment However, beneficial effects have 

20 been seen at much long times following p53 treatment, for example in the 3- to 6-month 
time frame. Thus, the present invention contemplates times periods between pS3 and 
subsequent radio- or chonotherapy of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13 or 14 days, 
diree, four, five, six, seven or eight weeks, one two, three four, five, or six mondis, and 
up to one year. 

25 • The preset invention iiiay be utilized in a variety of solid cancers, such as brain * 

■ 

cancer, head & neck cancer, esophageal cancer, tracheal cancer, lung cancer, liver cancer 
stomach cancer, colon cancer, pancreatic cancer, breast cancer, cervical cancer, uterine 
cancer, bladder cancer, prostate cancer, testicular cancer, skin cancer or rectal cancer. It 
also may be used against lymphomas or leukemias. 

« 

. 30 Local, region or systemic delivery of pS3 expression constrocts and/or 

chemotherapeutic drugs and/or radiation to patients is contemplated. It is proposed that 
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this approach will provide clinical benefit, defined broadly as any of the following: 
reducing primary tuinor size, reducing occurrence or size of metastasis, reducing or 
stopping tumor growth, inhibiting tumor cell division, killing a tumor cell, inducing 

■ • 

apoptosis in a tumor cell, redudng or eliminating tumor recurrence. 

■ 

5 Patients with unresectable tumors . may be treated according to the present 

invention. As a consequence, the tumor may reduce in size, or the tumor vasculature may 
change such that the tumor becomes resectable. If so, standard surgical resection may be 
permitted. 

10 A. Recurrent Cancw 

An cancer recurrence may be defined a the re^earance or rediagtuosis of a patmt 
as having any cancer following one or more of surgery, radioflierq>y or chemotherapy. The 
patient need not have been reported as disease fiee, but merely that the patieait has exhibited 
renewed cancer growth following some degree of clinical response by the first therapy. The 

15 clinical response may be, but is not limited to, stable disease, tumor regression, tumor 
neotosis, or absence of dmionstrable cancer. 

B. pS3 Gene Therapy 

Human p53 gene therapy has been described in the literature since the mid- 
20 1990's. Roth et al. (1996) reported on retroyiral-based therapy, Clayman et al (1998) 

* 

described adenoviral delivery. U.S. Patents 6,017,524; 6,143,290; 6,410,010; and 
6,511,847, and U.S. Patent Application No. 2002/0077313 each descrLbe methods of 
^ treating patients with p53, and are hereby incorporated by reference. 

One particular mode of administration that can be used in conjunction with 
25 surgery is treatment of an operative tumor bed. Thus, in dtiier the primary gene th^^y 
treatment, or in a subsequent treatment, one may perfiise the resected tunior bed witii the 
vector during surgery, and following surgery, optionally by insertuag a oalfaeter into the 
smgeiy site. 
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C. Chemotherapy 

A wide variety of cheinothenq[>eutic agents may be used in accoidance with the 
present invention. Thetenn^chemotherap/'referstotheuseof drags to treat cancer. A 
"chemottierapeutic agenf ' is used to connote a compound or composition that is 

5 administered in the treatment of cancor. These agents or drags are categorized by their 
mode of activity within a cell, for example, whether and at what stage th6y affect the cell 
cycle. Alternatively, an agent may be characterized based on its ability to directly cross- 
link DNA, to intercalate into DNA, or to . induce chromosomal and mitotic aberrations by 
affecting nucleic acid synthesis. Most chemotherapeutic agents fall into the following 

10 categories: alkylating agents, antunetabohtes, antitumor antibiotics, mitotic inhibitors, 
and nitrosoureas. 

■ 

1. Alkylating agents 
Alkylatmg agents are drags that directly interact with genomic DNA to prevent 

IS the cancer cell icom proliferating. This category of chemotherapeutic drags represents 
agents that affect all phases of the cell cycle, that is, they are not phase-specific. 
Alkylating agents can be implemented to treat chronic leukemia, non-Hodgkin's 
lymphoma, Hodge's disease, multiple myeloma, and particular cancers of the breast, 
lung, and ovary. They include: busulfan, chlorambucil, cisplatin, cyclophosphamide 

20 (Cytoxan), dacarbazine, ifosfamide, mechlorethamine (mustargen), and melphalan. 
Troglitazaone can be used to treat cancer in combination with any one or more of these 
alkylating agents, some of which are discussed below. 

■ 

a. Busulfan 

25 Busulfan (also known as myleran) is a bifunctional alkylating agent. Busulfan is 

known chemically as 1,4-butanediol dimethanesulfonate. 

Busulfan is not a structural analog of the iiitrogen mustards. Busul£m is available 

in tablet form for oral administration. Each scored tablet contains 2 mg busul^ and the 

inactive ingredients magnesium stearate and sodium chloride. 
30 Busulfan is mdicated for tibie palliative treatment of chronic myelogenous 

(myeloid, myelocytic, granulocytic) leukemia. Although not curative, busul£m reduces 

■ 
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the total granulocyte mass, relieves symptoms of the disease, and irnpicves the clinical 
state of the patient. Approximately 90% of adults with previously untreated chronic 
myelogenous leukemia will obtain hematologic remission with regression or stabilization 
of organomegaly following the use of busulfan. It has been shown to be superior to 
5 splenic irradiation with respect to survival times and maintenance of hemoglobin levels, 
and to be equivalent to irradiation at controlling ^lenomegaly. 

b. Chlorambudl 
Chlorambucil (also known as leukeran) is a bifunctional alkylating agent of the 
10 nitrogen mustard type that has been found active against selected human neoplastic 
diseases. Chlorambucil is known chemically as 4-[bis(2-<:Uorethyl)amino] 

■ 

benzenebutanoic acid. 

Chlorambucil is available in tablet form for oral administration. It is rapidly and 
completely absorbed fiom the gastrointestinal tract After single oral doses of 0.6-1.2 

IS mg/kg, peak plasma chlorambucil levels are reached within one hour and the terminal 
half-Ufe of the parent drug is estimated at 1.S hours. 0.1 to 0.2mg/kg/day or 3 to 
6mg/mVday or alternatively 0.4mg^g may be used for antineoplastic treatment 
Treatment regimes are well know to those of skill in the art and can be found in the • 
^"Physicians Desk Reference" and ia '"Remington's Pharmaceutical Sciences" referenced 

20 herein. 

Chlorambucil is indicated in the lieatment of chronic lymphatic (lymphocytic) 
leukemia, malignant lymphomas including lymphosarcoma, giant follicular lymphoma 
and Hodgkin*s disease. It is not curative in any of these disorders but may produce 
clinically useful palliatioiL Thus, it can be used in combination with trogUtazone in the 
25 treatment of cancer. 

c Cisplatin 

* 

Cisplatin has been widely used to treat cancers such as metastatic testicular or 
ovarian carcinoma, advanced bladder cancer, head or neck cancer, cervical cancer, lung 
30 cancer or other tumors. Cisplatin can be used alone or in combination with other agents, 
with efiScacious doses used in clinical applications of 15-20 mg/m^ for 5 days every three 

« 
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weeks for a total of diree courses. Exemplary doses may be 0.50 mgon , l.Qm^m , 1.S0 
m^^ 1.75 me/m\ 2.0 mg/m\ 3.0 mg/m^ , 4.0 mg/m^ 5.0 mg^^ , 10mig//m^. Of 
course, all of these dosages are exemplary, and any dosage in-between these points is also 
^ected to be of use in the invention. 
5 Cisplatin is not absorbed orally and must therefore be delivered via injection 

intravenously, subcutaneously, intratumorally or intraperitoneally. 

Cydophosphandde 

Cyclophosphamide is 2/f-l,3,2-Oxazaphosphorin-2-amine, i^,^-bis(2- 

10 chloroethyl)tetrahydro-, 2-oxide, monohydrate; termed Cytoxan available firom Mead 
Johnson; and Neosar available from Adria. Cyclophosphamide is prepared by 
condensing 3-aniino-l-propanol with iV,iV-bis(2-chlorethyl) phosphoramidic dichloride 
[(C1CH2CH2)2N— POCI2] in dioxane solution under the catalytic influence of 
triethylamine. The condensation is double, involving both the hydroxyl and the amino 

1 5 groups, thus effecting the cycUzation. 

Unhke other fi-chloroethylamino alkylators, it does not cyclize readily to the 
active ethyleneimonium form until activated by hepatic enzymes. Thus, the substance is 
stable in the gastrointestinal tract, tolerated well and effective by the oral and parental 
routes and does not cause local vesication, necrosis, phlebitis or even paio. 

20 Suitable doses for adults include, orally, 1 to S mg/kg/day (usually in 

combination), depending upon gastrointestinal tolerance; or 1 to 2 mg^g/day; 
intravenoxisly, initially 40 to 50 mg/kg in divided doses over a period of 2 to S days or 10 
to IS mg/kg every 7 to 10 days or 3 to 5 mg/kg twice a week or l.S to 3 mg/kg/day • A 
dose 250mg/kg/day may be administered as an antineoplastic. Because of 

25 gastrointestinal adverse effects, the intravenous route is preferred for loading. During • 
maintenance, a leukocyte count of 3000 to 4000/mm^ usually is desired The drug also 
sometimes is administoxd intramuscularly, by infiltration or into body cavities. It is 
available in dosage fonns for injection of 100, 200 and 500 mg, and tablets of 25 and 50 
mg die skilled artisan is referred to "Rmnington's Pharmaceutical Sciences" 15th Edition, 

30 ch^ter 61, incorporate herein as a reference, for details on doses for admimstration. 
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e. Melphalan 

Melphalan, also kno^ as alkeran, LrpheDylalanine mustard^ phenylalamne 
mustard, LrPAM, or Lrsaicolysin, is a phenylalanine derivative of nitrogen mustard. 
Melphalan is a bifimctional alkylating agent which is active against selective human 

■ 

S neoplastic diseases. It is known chemically as 4-[bis(2-chloroetfayl)amino]-L- 
phenylalanine. 

Melphalan is the active L-isomer of the compound and was fiist synthesized in 
1953 by Bergel and Stock; the D-isomer, known as. medphalan, is less active against 
certain animal tumors, and the dose needed to produce effects on chromosomes is larger 
10 than that required with the L-isomer. The racemic (DL-) form is known as merphalan or 
sarcolysin. Melphalan is insoluble in water and has a pKai of ~2.1. Melphalan is 
available in tablet form for oral administration and has been used to treat multiple 
myeloma. 

Available evidence suggests that about one third to one half of the patients with 
1 5 multiple myeloma show a favorable response to oral administration of the dmg. 

* 

Melphalan has been used in the treatment of epithehal ovarian carcinoma. One 
commonly employed regimen for the treatment of ovarian carcinoma has been to 
administer melphalan at a dose of 0.2 mg/kg daily for five days as a single course. 

■ 

Courses are repeated ev^ four to five weeks depending upon hematologic tolerance 
20 (Smith and Rutledge, 1975; Young et aL, 1978). Alternatively the dose of melphalan 
used could be as low as 0.05mg/kg^day or as high as 3mg/kg/day or any dose in between 
tihiese doses or above ttiese doses. Some variation in dosage will necessarily occur 

depending on the condition of the subject being treated. The person responsible for 

• • 

administration will, in any event, determine the sq;>pn>priate dose for the individual 
25 subject 

2. Antimetabolites 

Antimetabolites disnqit DNA and RNA synthesis. Unlike alkylating agents, they 
specifically influence the cell cycle during S phase. They have used to combat chronic 
30. leukemias in addition to tumors of breast, ovary and the gastrointestmal tract 
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Aatiinetabolites include S-fluorouiacil (S-FU), cytarabine (Ara-Q, fludarabine; 
. gemcitabine, and methotrexate. 

S-FIuoiouradl (5-FU) has flie chemical name of S-fluoto-2,4(lH^H)- 
pyrimidinedione. Its mechanism of action is thought to be by blocking the methylation 

5 reaction of deoxyuridylic acid to thynudylic acid Thus, 5-FU interferes vnih the 
syntheisis of deoxyribonucleic acid (DNA) and to a lesser extent inhibits the formation of 
ribonucleic acid (RNA). Since DNA and RNA are essential for cell division and 
proliferation, it is thought that the efifect of S-FU is to create a thymidine deficiency 
leading to cell death. Thus, the effect of 5-FU is found in cells that rapidly divide, a 

10 characteristic of metastatic cancers. 



3. Antitumor Antibiotics 
Antitumor antibiotics have both antimicrobial and cytotoxic activity. These drugs 
also interfere with DNA by chemically inhibiting enzymes and mitosis or altering cellular 
15 membranes. These agents are not phase specific so they work in all phases of the cell 
cycle. Thus, they are widely used for a variety of cancers. Examples of antitumor 
antibiotics include bleomycin, dactinomycin, daunorubicin, doxorubicin (Adriamycin), 
and idarubicin, some of which are discussed in more detail below. Widely used in 





mm 




HI 



20 bolus injections intravenously at doses rangmg fiom 25-75 mg/xr? Bt 21 day intervals for 
adriamydn, to 35-100 mg^^ for etoposide intravenously or orally. 



a. Doxorubicin 

Doxorubicin hydrochloride, 5,12-Nevhdiacenedione, (8s-c£y)-10-[(3-amino-2,3,6- 
• • • 
25 trideoxy-a-L-lyxo-hexopyranosyl)oxy]-7,8,9,l<)-tetrahydro-6,8,l l-trihydroxy-S- 

^ydroxyacetyl)-l-methoxy-hydrochloride (hydroxydaunorubicin hydrochloride, 

Adriamycin) is used in a wide antineoplastic spectrum. It binds to DNA and inhibits 

nucleic acid synthesis, inhibits mitosis and promotes chromosomal aberrations. 

Administered alone, it is the drug of first choice for the treatment of tikyroid 

30 adenoma and primary hepatocellular carcinoma. It is a component of 31 first-choice 

combinations f<x the treatment of ovarian, endometrial and breast tomors, bronchogenic 
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oat-cell caicmama, non-smaU cell lung carcinoma, gastric adenocarcinoma, 
letmoblastoma, neuroblastoma, mycosis fimgoides, pancreatic carcinoma, prostatic 
carcinoma, bladder carcinoma, myeloma, difiuse histiocytic lymphoma, Wihns' twnor 
Hodgkin's disease, adrenal tumors, osteogenic sarcoma soft tissue sarcoma. Ewing's 
sarcoma, rhabdomyosarcoma and acute lymphocytic leukemia. It is an alternative drug 
for the treatment of islet ceU, cervical, testicular and adrenocortical cancers. It is also an 



lunosuppFessant 



Doxorubicin is absorbed poorly and must be administered intravenously. The 
phannacokinetics are multiconinsirHriP^foi t\:^^^„^ . / , 



mmmes and 3.3 hr. The elimination half-life is about 30 hr. Forty to 50% is secreted 
mtothebUe. Most of the remainder is metabolized in the liver, partly to an active 
meteboKte (doxorubidnol). but a few peicent is excreted into the urine, fix the presence 
of liver impairment, the dose should be reduced. 

Appropriate doses are, intravenous, adult; 60 to 75 mg^^ ^ ji-day intervals or 
15 25 to 30 mgte^ on each of 2 or 3 successive days repeated at 3- or 4-wk intervals or 20 
mg^m^ once a week. The lowest dose should be used in elderly patients, when there is 
pnor bone-manow depression caused by prior chemotherapy or neoplastic marrow 

mvasion. or when the drug is combined with other myelopoietic suppressant drugs TTie 
dose should be reduced by 50«/o if the s^ bilirubin lies between 1.2 and 3 mg/dL and 
by 750/. if above 3 mg/dL. n^e lifetime total dose should not exceed 550 mg^m^ in 
patients with nomial heart function and 400 mg/m' in persons having received 
mediastinal irradiation. Alternatively. 30 mg^m^ on each of 3 consecutive days, repeated 
every 4 wk. Exemplary doses may be 10 mg/m\ 20 me/m\ 30 mg/m\ 50 mg/m' 100 
mg/m\ 150 mg/m\ 175 .mg/m^ 200 mgfm\ 225 mg/m\ 250 mg^m^ 275 mg^m^ 300 

25 «>g^"^>350mgto^400mg^m^425mgtoV450mg^m^475 mg/m^ 500mg/ml Of 
comse, aU of these dosages are exemplary, and any dosage in-between these points is also 
expected to be of usiB in flie invention. 

In the present invention the inventors have employed trogKtazone as an 
exemplary chemotherapeutic agent to synergisticaUy enhance the antineoplastic e^ of 
the doxorubicin in the treatment of cancers. Hose of skiU in the art will be able to use the 
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invention as exemplified potentiate the effects of doxorubicin in a range of di^t pre- 
cancer and cancels. 



b. Dannorabicin 

5 Daunorubicin hydrochloride. 5,12-Naphthacenedione, (8S-c£s)-8-acetyl-10-[(3. 

annno-2.3,6-trideoxy-a-W3«o-hexariopyranosyi)oxy]-7.8A10-tet^^ 
trihydroxy-lO-methoxy-, hydrochloride, also tenned cembidine and available from 
Wyeth. Daunorubicin inteicalates into DNA, blocks DAN-directed RNA polymerase and 
inhibits DNA synthesis. It can prevent cell division in doses tiiat do not interfere wth 
10 nucleic acid synthesis. 

In combmation with oflier drugs it is included in tiie firstHshoice chonotherapy of 
acute myelocytic leukemia in adults (for induction of remission), acute lymphocytic 
leukemia and tiie acute phase of chronic myelocytic leukania. Oral absoiption is poor, 
and it must be given intiavenously. The half-life of distribution is 45 minutes and of 
15 elimination, about 19 hr. Hie half-life of its active metabolite, daunorubicinol. is about 
27 hr. Damiorabicin is metabolized mostty in tiie liver and also secreted into tiie bile (ca 
40%). Dosage must be reduced in Kver or renal insufBciencies. 

Suitable doses are (base equivalent), intravenous adult, younger than 60 yr. 45 
mg/'mVday (30 mg/a? for patients older tiian 60 yr.) for 1, 2 or 3 days every 3 or 4 wk or 
0.8 mg^g/day for 3 to 6 days every 3 or 4 wk; no more tium 550 mg/m^ should be given 
in a hfetime. except only 450 mg/in^ if there has been chest irradiation; children. 25 

mg^m^ once a week unless flie age is less than 2 yr. or the body surface less than 0.5 m. in 
which case the wd^t-based adult schedule is used. It is available in injectable dosage 
forms (base equivalent) 20 mg (as the base equivalent to 21.4 mg of the hydrochloride). 
Exemplary doses may be 10 mg/m^ 20 mg/m\ 30 mgfm\ 50 mg/m\ 100 mg^^ 150 
mifm\ 175 mg/m^ 200 mg/m\ 225 mg/m\ 250 mg^m^ 275 mg/m^ 300 mg^m^ 350 
mg/m^ 400 mg^m^ 425 mg/m^ 450 mg/m^ 475 mg^^ 500 mg/in^ Qf course, dl of 
Ihese dosages are exenq>lary, and any dosage in-between these points is also expected to 
be of use in the invoition. 
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c. Mitomycin 

Mitomycin (also known as niutamycin and/or mitomycin-C) is an antibiotic 
isolated fiom the bioth of Streptomyces caespitosus which has been shown to have 
antitumor activity. The compound is heat stable, has a high melting point, and is fieely 
S soluble in oiganic solvents. 

Mitomycin selectively inhibits the synthesis of deoxyribonucleic add (DNA). 
The guanine and cytosine content conelates with the degree of mitomycin-induced cross- 
linking. At high concentrations of the drug, cellular KNA and protein synthesis are also 
suppressed 

10 Jn humans, mitomycin is rapidly cleared fiom the serum after intravenous 

administration. Time required to reduce the serum concentration by 50% after a 30 mg. 
bolus injection is 17 minutes. After injection of 30 mg., 20 mg., or 10 mg. I.V., the 

♦ 

maximal serum concentrations were 2.4 mg^nL^ 1.7 mg./ml^ and 0.52 mgVml^ 
respectively. Clearance is effected primiarily by metabolism in the liver, but metabolism 

IS occurs in other tissues as well. The rate of clearance is inversely proportional to the 
maximal serum concentration because, it is thought, of saturation of the degradative 
pathways. Approximately 10% of a dose of mitomycin is excreted unchanged in the 
urine. Since metabolic pathways are saturated at relatively low doses, the percent of a 
dose excreted in urine increases with increasing dose. In children; excretion of 

20 intravenously administered mitomycin is similar. 

■ 

d. Actinomycin D 

Actinomycin D (Dactinomycin) [50-76-0]; QiHgeNnOie (1255.43) is an 
antineoplastic drug that inhibits DNA-dq>endent SNA polymerase. It is a component of 
25 first-choice combinations for treatment of choriocarcinoma, embryonal 
rhabdomyosarcoma, testicular tumor and Wihns' tumor. Tumors that fail to respond to 
systemic treatment sometimes respond to local perftision.. Dactinomycin potentiates 
radiother^y. It is a secondary (effer^t) immunosuppressive. 

Actinomycin D is used in combination with primary surgery, radiotherapy, and 
30 other drugs, particularly vincristine and cyclophosphamide. Antineoplastic activity has 
also been noted in Ewing^s tumor, Ks^si's . sarcoma, and soft-tissue sarcomas. 
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Dactinomycin can be effective in women with advanced cases of choriocarcinoina. It 
also produces consistent responses in combination widi chlorambucil and methotrexate in 
patients with metastatic testicular carcinomas. A response may sometimes be observed in 
patients with Hodgldn*s disease and non-Hodgldn*s lymphomas. Dactinomycin has also 
S been used to inhibit innnunological responses, particularly the reflection of renal 
transplants.* 

Half of the dose is excreted intact into the bile and 10% into the urine; the half- 
life is about 36 hr. The drug does not pass the blood-brain barrier. Actinomycin D is 
supplied as a lyophilized powder (0/S mg in each vial). The usual daily dose is 10 to IS 

10 mg/kg; this is given intravenously for 5 days; if no manifestations of toxicity are 
encountered, additional courses may be given at iiitervals of 3 to 4 weeks. Daily 
injectipns of 100 to 400 mg have been given to children for 10 to 14 days; in other 
regimens, 3 to 6 mg/kg, for a total of 125 mg/kg, and weekly maintenance doses of 7.5 
mg/kg have been used. Although it is safer to administ^ the drug into the tubing of an 

15 intraveuous infusion, direct intravenous injections have been given, with the precaution 
of discarding the needle used to withdraw the drug &om the vial in order to avoid 
subcutaneous reaction. Exemplary doses may be 100 mg/m^, 150 mg/m^ 175 mg/m^, 200 
mg/m^ 225 mg/m^ 250 mg/m^ 275 mg/m^ 300 mg/m\ 350 mg/m^ 400 mg/m^ 425 
mg/m^ 450 mg/m^ 475 mg/m^ 500 mg/m^. Of course, all of these dosages are 

20 exemplary, and any dosage in-between these points is also expected to be of use in the 
invention. 

e. Bleomycin . 

• * 

Bleomycin is a mixture of cytotoxic glycopq>tide antibiotics isolated fipoin a strain 
25 of Streptomyces verticillus. Althoujgh the exact mechanism of action of bleomycin is 

■ 

unknown, available evidence would seem to indicate that the main mode of action is the 
inhibition of DNA synthesis with some evidence of lesser inhibition of RNA and protein 
synthesis. 

In mice, higfh concentrations of bleomycin are found in tihe skin, lungs, kidneys, 
30 peritoneum, and lymphatics. Tumor cells of the skia and hmgs have been found to have - 
high concentrations of bleomycin in contrast to the low concentrations found in 
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ft 

hematopoietic tissue. The low concentratioiis of bleomycin fomid in bone marrow may 
be related to high levels of bleomycm degradative enzymes found in that tissue. 

In patients with a creatimne cleanmce of >35 mL per minute, the serum or plasma 
terminal elimination half-life of bleomycin is approximately IIS minutes. In patients 
5 with a oDeatinine clearance of. <3S mL per minute, the plasma or sensm terminal 
elimination half-life increases exponentially as the creatimne clearance decreases. In 
humans, 60% to 70% of an administered dose is recovered in the urine as active 
bleomycin. Bleomycin may be given by the intramuscular, intravenous, or subcutaneous 
routes. It is fieely soluble in water. 
10 Bleomycin should be considered a palliative treatment. It has been shown to be 

< 

useful in the management of the following neoplasms eitiier as a smgle agrat or in proven 
combinations with other approved chemotherapeutic agents in squamous cell carcinoma 
such as head and neck (including mouth, tongue, tonsil, nasopharynx, oropharynx, sinus, 
palate, lip, buccal mucosai, gingiva, epiglottis, larynx), skin, penis, cervix, and vulva. It 

IS has also been used in the treatment of lymphomas and testicular carcinoma. 

Because of the possibility of an an^hylactoid reaction, lymphoma patients should 
be treated with two units or less for the first two doses. If no acute reaction occurs, then 
the regular dosage schedule may be followed. 

Improvement of Hodgkin's Disease and testicular tumors is prompt and* noted 

20 wittun 2 weeks. If no improvement is seen by this time, improvement is unlikely. 
Squamous cell cancers respond more slowly, sometunes requiring as long as 3 weeks 

■ 

befixce any inqnovement is noted 



4. Mitotic Inhibitors 

25 Mitotic inhibitors include plant alkaloids and other natural agents that can inhibit 

eitha: protein synthesis required for cell division or mitosis. They operate during a 
specific phase during the cell cycle. Mitotic inhibitors comprise docetaxel, etoposide 
(VP16), pacUtaxel, taxol, taxotere, vinblastme, vincristine, and vinorelbine. 
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a. Etoposide (VP16) 

VP16 is also knowa as etoposide and is used primarily for treatment of testicular 

ft 

tumors, in combination ^tfa bleomycin and cisplatin, and in combination with cisplatin 
for small-cell carcinoma of the lung. It is also active against non-Hodgkin's lymphomas, 
S acute nonlymphocytic leukemia, carcinoma of the breast, and Kq)osi's sarcoma 
associated with acquired immunodeficiency syndrome (AIDS). 

VP 16 is available as a solution (20 mg/ml) for intravenous administration and as 
50-mg, liquid-filled capsules for oral use. Fot small-cell carcinoma of the lung, the 
intravenous dose (in combination thersqpy) is can be as much as 100 mg/rc? or as little as 

10 2 mg^ m^ routinely 35 mg/ta?, daily for 4 diays, to SO mg^m^ daily for S days have also 
been used. When given orally, the dose should be doubled Hence the doses for small 
en h.^, ca^taoma m<qr l» » id^ » 20O.250mg«..'. 'n» ott»v«» ««» fo, 
testicular cancer (in combination therapy) is SO to 100 mgftc? daily for S days, or 100 
mg/xs^ on alternate days, for three doses. Cycles of therapy are usually repeated every 3 

IS to 4 weeks. The drug ishould be administered slowly during a 30- to 60-minute infusion 
in order to avoid hypotension and bronchospasm, which are probably due to the solvents 
used in the formulation. ' 



b. Taxol 

20 . Taxol is an experimoital antimitotic agent isolated from the bark of the ash tree, 

TcaoMS brevifolia. It binds to tubulin (at a site distinct fiom fliat used by the vinca 
alkaloids) and promotes the assembly of microtubules. Taxol is currently being 
evaluated clinically; it has activity against malignant melanoma and carcinoma of the 
ovary. Maximal doses are 30 m^m^ per day for 5 days or 210 to 2S0 mg/vo? givm once 

» • 

2S every 3 weeks. Of course, all of these dosages are exemplary, and any dosage in-betwe^ 
these points is also expected to be of use in the invention. 



c Yinblastme 

Vinblastine is another example of a plant aklyloid that can be used in combination 
30 witih tro^tazone for Ifae treatment of cancer and precancer. When cells are incubated 
with vinblastine, dissolution of the microtubules occurs. 
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Unpredictable absorption has been reported after oral adnunistration of 
vinblastine or vincristine. At tihe usual clinical doses the peak concentration of each drug 
in plasma is approximately 0.4 mM. Vinblastine and vincristine bind to plasma proteinic. 
They are extensively concentrated in platelets and to a lesser extent in leukocytes and 
5 erythrocytes. 

After intravenous injection, vinblastine has a multiphasic pattern of clearance 
from the plasma; after distribution, drug disappears from plasma with half-lives of 
approximately 1 and 20 hours. Vinbliastine is metabolized in fho liver to biologically 
activate derivative desacetylvinblastine. Approximately 15% of an administered dose is 

10 detected intact in the urine» and about 10% is recovered in the feces after biliary 
excretion. Doses should be reduced in patients with hepatic dysfimction. At least a 50% 
reduction in dosage is indicated if the concentration of bilirubin in plasma is greater than 
3 mg/dl (about 50 mM). 

Vinblastine sulfate is available in preparations for injection. The drag is given 

15 intravenoiisly; special precautions must be taken against subcutaneous extravasation, 
since this may cause painful irritation and ulceration. The dmg should not be injected 
into an extremity with impaired circulation. After a single dose of 0.3 mg/kg of body 
weight, myelosuppression reaches its maximum in 7 to 10 days. If a moderate level of . 
leukopenia (approximately 3000 cells/mm^) is not attained, fhe weekly dose may be 

20 increased gradually by increments of 0.05 mg/kg of body weight In regimens designed 
to cure testicular cancer» vinblastine is used in doses of 03 mg/kg every 3 weeks 
irrespective of blood cell counts or toxicity. 

The most important clinical use of vinblastine is witb bleomycin and dsplatin in 
the curative therapy of metastatic testicular tumors. Beneficial responses have been 

* * 

25 reported, in various lyniphomas, particularly Hodg^*s disease, where significant 
improvement may be noted in 50 to 90% of cases. The effectiveness of vinblastine in a 
high proportion of lymphomas is not diminished when the disease is refiractory to 
alkylating agents. It is also active in Ksposi's sarcoma, neuroblastoma, and Letterer-Siwe 
disease (histiocytosis X), as well as in carcinoma of the breast and choriocarcinoma in 

30 women. 
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Doses of vinblastine will be detennined by the clinician according to the 
individual patients need. 0.1 to 0.3mg/kg can be administered or 1.5 to 2nig/m^ can also 
be administered. Alternatively, 0.1 mg/m^, 0.12 mg/m^, 0.14 mg/m^, O.IS mg/^m\ 0.2 
mg/m\ 0.25 mg/m^ 0.5 mg/m^ 1.0 mg/m^ 12 mgto^ 1.4 mg/m\ 1.5 mg/m\ 2.0 
5 . mg/m^ 2.5 mg/rxj?, 5.0 mg/^m^, 6 mg/xn?^ B mg/xr^, 9 mg/m^ 10 mg/m^ 20 mg/m^, can be 
given. Of course, all of fliese dosage are exemplary, and any dosage in-between these 

■ 

points is also expected to be of use in Ifae invention. 

d. Vincristme 

10 Vincristine blocks mitosis and produces met^hase arrest. It seems likely that 

most of the biological activities of this drug can be explained by its ability to bind 
specifically to tubulin and to block the ability of protein to polymerize into microtubules. 
Through disnq>tion of the microtubules of the mitotic q)paratus, cell division is arrested 
in metaphase. Hie inability to segregate chromosomes correctly during mitosis 

1 5 presumably leads to cell death. 

The relatively low toxicity of vincristine for normal marrow cells and epithelial 
cells make this agent unusual among anti-neoplastic drugs, and it is often included in 
combination with other myelosuppressive ag^ts. 

♦ 

Unpredictable absorption has been reported after oral administration of 
20 vinblastine or vincristme. At the usual clinical doses the peak concentration of each drug 

■ 

in plasma is approximately 0.4 mM. 

Vinblastine and vincristine bind to plasma proteins* They are extensively 
concentrated in platelets and to a lesser extent in leukocytes and erythrocytes. 

Vincristine has a multiphasic pattern of clearance from the plasma; the terminal 
25 half-life is about 24 hours. The drug is metabolized in the liver, but no biologically 
active derivatives have been identified. Doses should be reduced in patients with hepatic 
dysfimctibn. At least a 50% reduction in dosage is indicated if the concratration of 
bilirubin in plasma is greater than 3 mg^dl (about 50 mM). 

Vincristme sulfate is available as a solution (1 mg/ml) for intravenous injection. 
30 Vincristme used together, with corticosteroids is presently the treatment of choice to 
induce remissions in childhood leukCToi^ the optimal dosages for these drugs appear to 
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be vincristine, intravraiously, 2 m^m of body-surface area, Weddy, and preonisone, 
orally, 40 mg/m , daily. Adult patients with Hodgtdn's disease or non-Hodgkin's 
lymphomas usually receive vincristme as a part of a complex protocol. Whea used m flie 
MOPP regLcneo, the recommended dose of vincristme is 1.4 mg/!m . High doses of 
vincristine seem to be tolerated better by children with leukemia than by adults, who may 
experience sever neurological toxicity. Administration of the drug more frequently than 
every 7 days or at higher doses seems to increase fhe toxic manifestations without 
proportional improvement in the response rate. Precautions should also be used to avoid 
extravasation during intravenous administration of vincristine. Vincristine (and 
vinblastine) can be infiised into the arterial blood sq>ply of tumors in doses several times 
larger than those that can be administored intravenously with comparable toxicity. 

Vincristme has been effective in Hodgkin's disease and other lymphomas. 
Although it appears to be somewhat less beneficial than vinblastine when used alone in 
Hodgkin's disease, when used with mechlorethamine, prednisone, and procarbazine (the 
so-called MOPP regiriien), it is the preferred treatment for the advanced stages (HI and 
IV) of this disease. In non-Hodgkin's lymphomas, vincristine is an important agent, 
particularly when used with cyclophosphamide, bleomycin, doxorubicin, and prednisone. 
Vincristine is more useful than vinblastine in lymphocytic leukemia. Beneficial response 
have been reported in patients with a variety of other neoplasms, particularly Wilms* 
tumor, neuroblastoma, brain tumors, rhabdomyosarcoma, and carcinomas of the breast, 
bladder, and the male and female reproductive systems. 

Doses of vincristine for use will be determined by the clinician according to die 
individual patient^ need. 0.01 to 0.03mg/kg or 0.4 to 1.4mg/m^ can be administered or LS 
to 2mg/m^ can alos be administered. Alternatively 0.02 wig/w?, 0.05 ing/m^ 0.06 mg/m^ 
0.07 mg^m^ 008 mg/m^ 0.1 mg^m^ 0.12 me/m\ 0.14 mg/m^ 0.15 mg/m^ 0.2 mg/in^ 
0.25mg/m^ can be given as a constant initravenous infiision^ Of course, all of these 
dosages are exonplary, and any dosage in-between these points is also expected to be of 
use in the invention. 
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e, Camptotlieciii 

Camptofhecin is an aBcaloid derived firom the Chinese tree Camptoiheca 
acuminata Decne. Canq)tothecm and its derivatives are imique m their ability to inhibit 
DNA Topoisomerase by stabilizdng a covalent reaction intermediate, . teimed 'the 
cleavable complex/' which ultimately causes tumor cell death* It is widely believed that 
camptothecin analogs exhibited remari^ble anti*tumour .and anti-leukaemia activity. 
Application of camptothecin in clinic is limited due to serious side effects and poor 
water-solubility. At present, some camptothecin analogs (topotecan; iiinotecan), either 
synthetic or- semi-synthetic, have been ^plied to cancer therq)y and have shown 
satisfactory clinical effects. The molecular formula for camptothecin is C20H16N2O4, 
with a molecular weight of 348.36. It is provided as a yellow powder, and may be 
solubilized to a clear yellow solution at 50 mg/ml in DMSO IN sodium hydroxide. It is . 
stable for at least two years if stored at 2-8''X in a dry, airtight, Ught-resistant 
enviromn^it 

5. Nitrosureas 

Nitrosureas, like alkylating agents, inhibit DNA repair protems. They are used to 
treat non-Hodgildn's lymphomas, multiple myeloma, malignant melanoma, in addition to 
brain tumors. Examples include carmustine and lomustine. 

a. Cannustine 

Caimustuxe (sterile cannustine) is one of the nitrosoureas used in the treatment of 
certain neoplastic diseases. It is l,3bis (2-chloroethy])-l-nitrosourea: It is lyophilized 
pale yellow flakes or congealed mass with a molecular weig|it of 214.06. It is hig^y 
soluble in alcohol and lipids, and poorly soluble in water. Cannustine is administered by 
intravenous infiision after reconstitution as recommended. Sterile carmustine is 
commonly available in 100 mg single dose vials of lyophilized material. 

• » 

Although it is generally agreed that cannustine alkylates DNA and RNA, it is not 
cross resistant with other alkylators. As widi odier nitrosoureas, it may also inhibit 
several key enzymatic processes by carbamoylation of amino acids in proteins. 
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Carmustme is indicated -as palliative fbsacspy as a single agoit or in establi^ed 

m 

combination thorapy with other appioved chemotherapeutic agents in brain tumors such 
as glioblastoma, brainstem gUoma, meduUobladyomay astrocytoma, ependymoma, and 
metastatic brain tumoxs. Also it has been used in combination wifli prednisone to treat 
multiple myeloma. Carmustine has proved useful, in the treatment of Hodgldn's Disease 
and in non-Hodgldn' s lymphomas, as secondary ther^y in combination with other 
approved drugs in patients who relapse while being treated with primary therq>y, or who 
fail to respond to primary ther^y. 

The recommended dose of carmustine as a single agent in previously untreated 
patients is ISO to 200 mg/m intravenously every 6 weeks. This may be given as a smgle 
dose or divided into daily injections such as 75 to 100 mg/m^ on 2 successive days. 
When carmiistine is used in combination with other myelosuppressive drugs or in patients 
in whom bone marrow reserve is depleted, the doses should be adjusted accordingly. 
Doses subsequent to the initial dose should be adjusted according to the hematologic 
response of the patient to the preceding dose. It is of course understood that other doses 
may be used in the present invention for example lOmg/m', 20mg/m'. 30mg/m' 4Qmg^m' 
SOmg/m^ 60mg/m^ 7Qmg/m^ SQmgto^ 90mg/m^ lOQmg^m^ . The skilled artisan is 
directed to, "Remington's Pharmaceutical Sdences" ISth Edition, chapter 61. Some 
variation in dosa^ will necessarily occur dq>ending on the condition of the subject being 
treated. The person responsible for administration will, in any event, determine the 
appropriate dose for the individual subject. 



b. Lomustine 

Lomustine is one of the nitrosoureas used in the treatment of certain neoplastic 
25 diseases. It is l-(2-^hloro-etfayl)-3-cyclohexyl-l nitrosourea. It is a yellow powder with 
die empirical formida of C^Hi^lNaOz and a molecular weight of 233.71. Lomustine is 
soluble in 10% ethanol (0.05 mg per mL) and in absolute alcohol (70 mg per mL). 
Lomustine is relatively insoluble in water (<0.05 mg per mL). . It is relatively unioniased 
at a physiological pH. Inactive ingredients in lomustine cq>sules are: magnesium 
30 stearate and mannitol. 
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Although it is generally agreed ttiat lomustine alkylates DNA and SNA, it is not 
cross resistant with other alkylators. As with other nitrosoureas, it may also inhibit 
several key enzymatic processes by caibamoylation of amino adds in proteins. 

Lomustine may be given orally. FoUowmg oral administration of radioactive 
S lomustine at doses ranging from 30 mg/m^ to 100 mg/m^ about half of the radioactivity 
given was excreted in the form of degradation products within 24 hours. The serum half- 
life of the metabohtes ranges from 16 hours to 2 days. Tissue levels are comparable to 
plasma levels at IS minutes after intravenous administration. 

Lomustine has been shown to be useful as a single agent in addition to other 
10 treatment modalities, or in established combmation therapy with other approved 
chemotherapeutic agents in both primary and metastatic brain tumors, in patients who 

* 

have ahready received appropriate surgical and/or radiother^eutic procedures. It has also 
proved effective in secondary ther£q>y against Hodgson's Disease in combination with 
other approved drugs in patients who rel^se while being treated with primary therapy, or 

15 who fail to respond to primary therapy. 

The recommended dose of lomustine in adults and children as a single agent in 
previously untreated patients is 130 mg^m^ as a single oral dose every 6 weeks. In 
individuals with compromised bone marrow fimction, the dose should be reduced to 100 
mg/m^ every 6 weeks. When lomustine is used in combination wifli other 

20 myelosuppressive drugs, the doses should be adjusted accordingly. It is understood that 
other doses may be used for example, 20 mg/m^ 30 mg/m\ 40 mg/m\ 50 mg/m^ 60 
mg^m^ 70 mg/m^, 80 mg/m^ 90 mg^^ 100 mg/xx^, 120 mg^m^ or any doses between 
these figures as determined by the clinician to be necessary for the individual being 
treated. 

25 

• • * 

6. Oiher Agents 
Other agents that may be used include Avastin, Iressa, Ecfoitux, Velcade, and. 
Gleevec. In addition, growth factor inhibitors and small molecule kinase inhibitors have 

* 

utihty in the present invention as well. AH tiier^ies described in Cancer Princq>les and 
30 Practice of Oncology Single Volume ^ook with CD-ROM) by Vincent T. Devita 
(Editor), Samuel Helhnan (Editor), Steven A. Rosenberg (Editor) Lippencott (2001), are 
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hereby incoiporated by reference. The folloiving additional therapies are encompassed, 
aswelL 

* 

a. Immunotherapy 

S hnmuno&erapeutics, generally, rely on the use of immune effector cells and 

molecules to target and destroy cancer cells. The immune effector may be, for sample, 
an antibody specific for some maiker on the surface of a tumor cell. The antibody alone 

m 

may serve as an effector of therapy or it may recruit other cells to actually effect cell 
killing. The antibody also may be conjugated to a drug or toxin (chemotfaerapeutic, 

io radionuclide, ricin A chain, cholera toxin, pertussis toxin, etc.) and serve merely as a 
targeting agent. Alternatively, the effector may be a lymphocyte cairymg a surface 
molecule that int^cts, either directly or indirectly, with a tumor cell target. Various 
effector cells include cytotoxic T cells and MK cells. 

Immunotherapy, thus, could be used as part of a combined thers^y, in conjunction 

15 with Ad-mda7 gene therapy. The general approach for combined therapy is discussed 
below. Generally, the tumor cell must bear some marker that is amenable to targetmg, 
ucy is not present on the majority of other cells. Many tumor markers exist and any of 
these may be suitable for targeting in the context of the present invention. Common 
tumor markers include cardnoembryonic antigen, prostate specific antigen, urinary tomor 

20 associated antigen, fetal antigen, tyrosinase (p97), gp68, TAG^72, HMFG, Sialyl Lewis 
Antigen, MucA, MucB, FLAP, estrogen receptor, laminin receptor, erb B and plS5. 

Tumor Necrosis Factor is a glycoprotein that kills some kinds of cancer cells, 
activates cytokine production, activates macrophages and endothelial cells, promotes the 
production of collagen and coUagmases, is an inflammatory mediator and also a mediator 

25 of septic shock, and promotes catabolism, fever and sleqp. Some infectious agents cause 
tumor regression through the stimiulation of TNF production. TNF can be quite toxic 
when used alone in effective doses, so that the optimal regimens probably will use it in 
lower doses in combination with other drugs. Its immunosiqypressive actions are 
potentiated by gamma-interferon, so that the combination potentially is dangerous. A 

30 hybrid of TNF and interferon-a also has been found to possess anti-cancer activity. 



-51^ 



wo 2005/082422 



10 



PCTAJS2005/006108 



b. HormoBal Therapy 
The use of sex honnones according to the methods described herein in the 
itment of canc^. While fte methods described herem are not limited to the treatment 



of a specific cancer, this use of hoimones has benefits ynUx respect to cancers of the 
breast, prostate, and endometrial (Uning of the uterus). Examples of these honnones are 
estrogens, anti-estrogens, progesterones, and androgens. 

Corticosteroid honnones are useful in treating some types of cancer (lymphoma, 
leukemias, and multiple myeloma). Corticosteroid hormones can increase the 
efifectiveness of other chemothmq>y agents, and consequently, they are firequently used in 
combination treatments. Prednisone and dexamethasone are examples of corticosteroid 
hoimones. 



D. Radiotherapy 

Radiotherapy, also called radiation therapy, is the treatment of cancer and other 

15 diseases with ionizing radiation. Ionizing radiation dqposits energy Hiat injures or 
destroys cells in the area being treated by damaging their genetic material, making it 
impossible for these cells to continue to grow. Although radiation damages both cancer 
cells and normal cells, flie latter are able to repair themselves and function properly. 
Radiottier^y may be used to treat localized solid tumors, such as cancers of the ddn, 

20 tongue, larynx, brain, breast, or cervix. It can also be used to treat leukemia and 
lymphoma (cancers of the blood-forming cells and lymphatic system, respectively). 

Radiation tiier^y used according to the present invention may include, but is not 
limited to, the use of y-rays, X*rays» and/or tiie directed delivery of radioisotopes to tumor 
cells. Other forms of DNA damaging factors are also conteniplated such as microwaves 

25 and UV-irradiation. It is most likely that all of these factors effect a broad ran^ of 
damage on DNA, on the precursors of DNA, on the rq)lication and lepak of DNA, and 
on the assembly and maintenance of chromosomes. Dosage ranges for X-rays range &om 
daily doses of SO to 200 roentgens for prolonged periods of time (3 to 4 wk), to single 
doses of 2000 to 6000 roentgens. Dosage ranges for radioisotopes vary widely, and 

30 depend on the half-life of the isotope, the strength and type of radiation emitted, and the 
uptake by the neoplastic cells. 
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Radiotherapy may coinpiise the use of radiolabeled antibodies to deliver doses of 
radiation directly to die cancer site (radioinuntinotherapy). Antibodies are highly specific 
proteins that are made by flie body in response to the presence- of antigens (substances 
recognized as foreign by the immune system). Some tumor cells contain specific antigens 
5 that trigger the production of tumor-specific antibodies. Large quantities of these 
antibodies can be made in the laboratory and attached to radioactive substances (a 
process known as radiolabeling). Once injected into the body, the antibodies actively 
seek out the cancer cells, which are destroyed by the cell-killing (cytotoxic) action of the 
radiation. This appxoach can minimize the risk of radiation damage to healthy cells. 
10 Conformal radiotherapy uses the same radiotherapy machine, a linear accelerator, 

• m 

as the normal radiother^y. treatment but metal blocks are placed in the path of the x-ray 
. beam to alter its shape to match that of the cancer. This ensures that a higher radiation 
dose is given to the tumor. Healthy surrounding cells and nearby structures receive a 
lower dose of radiation, so the possibility of side effects is reduced. A device called a 

IS multi-leaf collimator has been developed and can be used as an alternative to the metal 
blocks. The multi-leaf collimator consists of a numb^ of metal sheets which are fixed to 
the linear accelerator. Each layer can be adjusted so that the radiotherapy beams can be 
shsqped to the treatment area without the need for metal blocks. Precise positioning of the 
radiotherapy machine is v^ important for conformal radiotiierapy treatment and a 

20 special scanning machine may be used to check the position of your intemal organs at the 
beginning of each treatment 

High*resolution intensity modulated radiother^y also uses a multi-leaf 
collimator. During this treatment the layers of the multi-leaf collimator are moved while 
the treatment is being given. This method is likely to achieve even more precise shaping 

25 of the treatment beams and allows tiie dose of radiotherapy to be constant over the whole 
treatment area. 

Although research studies have shown that conformal radiotherapy and intensity 
modulated radiotherapy may reduce the side efifects of radiotherapy treatment, it is 

« 

possible that shaping the treatment area so precisely could stop microscopic cancer cells 
30 just outside the treatment area being destroyed. This means that the risk Of the cancer 
coming back in the future may be higjlier with these specialized radioflierq>y techniques. 
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Stereotactic radiotherapy is used to treat brain tumours. This technique directs the 
radiothenq>y from many different angles so that the dose going to the tumour is very higjh 
and the dose affecting surrounding healthy tissue is very low. Before treatment, several 
scans are analysed by computers to ensure that the radiotherapy is precisely targeted, and 

S the patient's head is held still in a specially made frame while receiving radiother^y. 
Several doses are given. 

Stereotactic radio-surgery (gamma knife) for brain tumors does not use a knife, 
but very precisely targeted beams of gamma radiotherapy from hundreds of different 
angles. Only one session of radiotherqiy, taking about four to five hours, is needed For 

10 this treatment you will have a specially made metal firame attached to your head. Then 
several scans and x-rays are carried put to find ihe precise area where the treatment is 
needed. During the radiotherapy, the patirat lies with their head in a large helmet, which 
has hundreds of holes in it to allow the radiotherapy beams through. 

Scientists also are looking for ways to increase the effectiveness of radiation 

IS therapy. Two types of investigational drugs are being studied for their effect on cells 
undergoing radiation. Radiosensitizers make the tumor cells more likely to be damaged, 
and radioprotectors protect normal tissues fiom the effects of radiation. Hyperthermia, 
the use of heat, is also being studied for its effectiveness in sensitizing tissue to radiation. 

20 Vn. other Therapeutic Combinations . 

In accordance witti the presmt invention, additional therapies may be applied witii 
further benefit to the patients. Such therqpies include surgery, cytokines, toxins, drugs, 
dietary, or a non-pS3-bas6d gene ther^y. Examples are discussed below. 

• ■ 

25 . A. Subsequent Surgery 

Approxin^ately 60% of persons with cancer will undergo surgery of some type, 
which includes preventative, diagnostic or staging, curative and palliative surgery. 
Curative surgery is a cancer treatment that may be used in conjunction with othor 
tiier^ies, such as the treatment of the present invention, chemotiier^y, radiotherapy, 

30 hoanonal tiierapy, gene fhen^y, inunonotherapy aad/ot altanathre ther^es. 
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Curative surgery includes resection in which all or part of cancerous tissue is 
physically removed, exdsed, and/or destroyed. Tumor resection refers to physical 
removal of at least part of a tumor. In addition to tumor resection, treatment by surgery 

surgery, cryosurgery, electrosurgery, and miscopically controlled surgery 
5 (Mohs' surgery). It is further contemplated that the present invention may be used in 
conjunction with removal of superficial cancers, precancers, or incidental amounts of 
normal tissue. 

Upon excision of part of all of cancerous cells, tissue, or tumor, a cavity may be 
formed in the body: Treatment may be accomplished by perfusion, direct ixijection or 
10 local application of the area with an additions^ anti-cancer therapy. Such treatment may 

■ ■ 

be rq)eated, for example, every 1, 2, 3, 4, 5, 6, or 7 days, or every 1, 2, 3, 4, and 5 weeks 
or every 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, or 12 months. These treatments may be of varying 
dosages as well. 

15 B. Gene Therapy 

In another embodiment, the secondary treatment is a non-pS3 gene therapy in 
which a second gene is administered to the subject. Delivery of a vector encoding p53 in 
cpnjuction with a second vector encoding one of the following gene products may be 
utilized. Alternatively, a single vector encoding both genes may be used. A variety of 

20 moleclues are encompassed within this embodunent, some of which are described below. 



1. Inducers of Cellular Proliferation - 

The proteins that induce cellular proliferation further fall into various categories 
dependent on iunctioiL The commonality of all of these proteins is their abiUty to 

• * . 

25 regulate cellular proliferation. For example, a form of PDGF, the sis oncogene, is a 
secreted growth factor. Oncogenes rarely arise fiom genes encoding growth factors, and 
at the present, sis is the only known naturally-occurring oncogenic growth factor. In one 
embodiment of the present invention, it is contemplated that anti-sense mRNA directed to 
a particular inducer of cellular proliferation is used to prevent expression of the inducer 

30 of cellular proliferation. 
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The proteins FMS, EibA, ErfoB and neu are growth factor receptors. Mutations to 
these receptors result in loss of regulatable function. For example, a point mutation 
affecting the transmemfarane. domain of the Neu receptor protein results in the neu 
oncogene. The eAA oncog^e is derived £rom the intracellular receptor for thyroid 
S honnone. The modified oncogenic EibA receptor is believed to compete with the 
endogenous thyroid honnone recq)tor^ causing uncontrolled growth. 

The largest class of oncogenes includes the signal transducing proteins (eg., Src» 
Abl and Ras). The protein Src is a cytoplasmic piotein-tyrosine kinase, and its 
transfomiation fix>m proto-oncogene to oncogene in some cases, results via mutations at 
10 tyrosine residue 527. In contrast, transformation of GTPase protein ras &om proto- 
oncbgene to oncogene, in one example, results fiom a valine to glycine mutation at amino 
acid 12 in the sequence, reducing ras GTPase activity. 

The protems Jun, Fos and Myc are proteins that directly exert their effects on 
nuclear functions as transcription factors. 

15 

2. Inhibitors of Cellular Proliferation 

The tumor suppressor oncogenes function to inhibit excessive cellular 
prolif(^tion. The inactivation of these genes destroys their inhibitory activity, resulting 
in unregulated proliferation. The tumor siqspressors Rb, p 16, MDA-7, PTEN and C- 
20 CAM are ^edfically contemplated. 

3. Regulators of Programmed CeD Deatii 

« 

Apoptosis, or programmed cell deaths is an essential process for nomial 
embryonic development, maintaining homeostasis in adult tissues, and suppressing 
25 carcinogenesis (Ken et oL, 1972). The Bcl-2 family of proteins and IC£-like proteases 
have been d^onstrated to be inq)ortant regulators and effectors of s^optosis in other 
systems. The Bcl-2 protein, discovered in association with follicular lymphoma, plays a 
prominent role in controlling q)optosis and enhancing cell survival in response to diverse 
apoptptic stimuli (Bakhshi et aL, 1985; Cleary and Sklar, 1985; Qeary ei aL, 1986; 

■ 

30 TsujimotD a aL, 1985; Tsujimoto and Croce, 1986). The evolutionarily conserved Bcl-2 
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protein now is lecognized to be a member of a family of related proteins, which can be 
categorized as death agonists or deafli antagonists. 

Subsequent to its discovery, it was shown that Bcl-2 acts to siqjpress cell deadi 
triggered by a variety of stimuli. Also, it now is apparent that there is a family of Bcl-2 
5 cell death regulatory proteins which share in common structural and sequence 
homologies. These different family members have been shown to either possess similar 
functions to Bcl-2 (e.g., Bclxu Bclw, Bcls, McM, Al, Bfl-1) or counteract Bcl-2 function 
and promote cell death {e.g,, Bax, Bak^ Bik^ Bim, Bid, Bad, Harakiri). 

> 

10 Vin. Pharmaceutical Compositions 

According to the present invention, thenqpeutic compositions are administered to 
a subject The phrases ''phannaceutically" or ^pharmacologically acceptable" refer to 
compositions that do not produce adverse, allergic, or other untoward reactions when 
administered to an animal or a human. As used herein, "pharmaceutically acceptable 

IS carrier" includes any and all solvents, dispersion media, coatings, antibacterial and 
antifungal agents, isotonic and absorption delaying agents and the like. The use of such 
media and agents for pharmaceutically active substances is well known in the art. Except 
insofar as any conventional media or agent is incompatible with the compositions, 
vectors or cells of the present invration, its use in therapeutic compositions is 

20 contemplaited. Supplementary active ingredients also can be incorporated into the 
compositions. 

* 

In various embodiments, agents diat might be delivered may be formulated and 
administered in any pharmacologically accq>table vehicle, such as parenteral, topical, 
aerosal, liposomal, nasal or ophthalmic prq>arations. In certain embodiments, 
25 formulations may be designed for oral, inhalant or topical admiiiistradon. In those 
situations, it would be clear to one of ordinary skill in the art the types of diluents that 
would be proper for the proposed use of the polypeptides and any secondary agents 
required. 

• • • 

Adniiinistration of compositions according to the present invention will be via any 

30 common route so long as the target tissue or surface is. available via that route. This 

includes oral, nasal^ buccal, respiratory, rectal, vaginal or topicaL Alternatively, 
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administration may be by intratumoral, intralesional, into tumor vascidature, local to a 
tumor, regional to a tumor, intradermal, subcutaneous, intramuscular, intraperitoneal or 
intravenous injection (systemic). Such compositions would normally be administered as 
phaimaceutically acceptable compositions, described supra. 
5 The active con:Q)ounds may also be administered parenterally or intrsqperitoneally. 

Solutions of the active compounds as firee base or pharmacologically acceptable salts can 
be prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose. 
Dispersions can also be prepared in glycerol, liquid polyethyl^e glycols, and mixtures 
thereof and in oils. Under ordinary conditions of storage and use, these preparations 

10 contain a presavative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions and stmle powders for the extenq[)oraneous preparation of sterile 
injectable solutions or dispersions. In all cases the form must be sterile and must be fluid 
to the extent that easy syringability exists. It must be stable under the conditions of 

15 manufacture and storage and must be preserved against the contaminating action of 
microorganisms, such as bacteria and fungi. The carrier can be a solvent or dispersion 
medium containing for example, water, ethanol, polyol (for example, glycerol, propylene 
glycol, and liquid polyethylene glycol, and the Uke), suitable mixtures thereof, and 
vegetable oils. The proper fluidity can be maintained, for example, by the use of a 

20 coating, such as lecithin, by die maintenance of the required particle size in the case of 
dispersion and by the use of surfactants. The prevration of the action of microorganisms 
can be brought about by various antibacterial an antifungal agents, for example, parabens, 
' chlorobutanol, phenol, sorbic acid, thimerosal, and the hke. In many cases, it will be 
preferable to include isotonic agents, for example, sugars or sodium chloride. Prolonged 

« 

25 absorption of the injectable compositions can be brought about by the use in the 
compositions of agrats delaymg absotption, for example, aluminum monostearate and 
gelatin. 

Sterile injectable solutions are prq)ared by incorp<»rating the active con^unds in 
the required amount in the appropriate solvent with various of the oflier ingredients 
30 enumerated above, as required, followed by filtered sterilization. Generally, dispersions 
are prepared by incorporating the various sterilized active ingredients into a sterile 
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yehicle which contains the basic dispersion medium and the required other ingredients 

■ • 

firom those enumerated above!. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum-drying and fieeze- 
drying techniques which yield a powder of the active ingredient plus any additional 
S desired ingredient fiom a previously sterile-filtered solution tbereof. 

As used herein, '"pharmaceutically acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and . 
absorption delaying agents and the like. The use of such media and agents for 
pharmaceutical active substances is well known in the art. Except insofar as any 

10 conventional media or agent is incompatible with the active ingredient, its use in the 
ther^eutic compositions is contemplated. Si^plementary active ingredients can also be 
incorporated into the compositions. 

The compositions of the present invention may be formulated in a neutral or salt 
form. Pharmaceutically-acceptable salts include the acid addition salts (formed with the 

IS firee amino groups of the protein) and which are formed with inorganic acids such as, for 
example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, 
tartaric, mandelic, and the like. Salts formed with the free carboxyl gjcoixps can also be 
derived fiom inorganic bases such as, for example, sodium, potassium, anrmoisium, 
caldum, or ferric hydroxides, and such organic bases as isoprppylamine, trim^ylamine, 

20 histidine, procaine and flie like. 

Upon formulation, solutions will be administered in a maimer compatible with the 
dosage formulation and in such amount as is therapeutically effective. The formulations 

* 

are easily administered in a variety of dosage forms such as injectable solutions, drug 
release cqisules and the like. Routes of administration may be selected from intravenous, 
25 intrarterial, intrabuccal, intraperitoneal, intramuscular, subcutaneous, oral, topical, rectal, 
vaginal, nasal and intraocular. 

For parenteral administration in an aqueous solution, for example, the solution 
should be suitably buffered if necessary and the liquid diluent first rendered isotonic with 
^ifBcient saline or glucose. These particular aqueous solutions are e^ecially suitable for 
30 intravenous, intramuscular, subcutaneous and intrq)eritoneal administration. In this 
. connection, sterile aqueous media which can be employed will be known to those of skill 

m 
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10 



in the art in light of the present disclosure. For example, one dosage could be dissolved 
in 1 ml of isotonic NaCl solution and either added to 1000 ml of hypodennoclysis fluid or 
injected at the proposed site of infusion, (se^ for example, ^'Remington's Pharmaceutical 
Sciences" ISth Edition, pages 1035-1038 and 1570-1S80). Some variation in dosage will 
necessarily occur dqiending on the condition of the subject being treated The person 
responsible for administration will, in any event, determine the sqypropriate dose for the 
individual subject Moreover, for human administration, preparations should meet 
sterility, pyrogeoicity, general safety and purity standards as required by FDA Office of 
Biologies standards. 

In a particular embodiment, lq)osomal formulations are contemplated. Liposomal 
enc^sulation of pharmaceutical agents prolongs their half-lives when compared to 
conventional drug delivery systems. Because larger quantities can be protectively 

« 

packaged, this allows die opportunity for dose-intensity of agents so delivered to cells. 



IS DC Examples 

The following examples are included to demonstrate preferred embodiments of 
the invention. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 

20 preferred modes for its practice. However, those of skill in the art should, in light of die 
present disclosure, ^reciate that many changes can be made in the specific 
embodiments vMdi are disclosed and still obtain a like or similar result without 



departing fiom flie spirit and scope of die invention. 

EXAMPLE 1; MATERIALS AND METHODS 
^^^^^^^^^^^^^"^■'"■"^■"^^"^"■'''■■■~*"^"'^~*""^~^™''"~"^" 

25 Three open label Phase 2 clmical trials were conducted to examine ttie e£Bcacy of 

adenoviral-pS3 (Advexhi®) therapy on recurrent squamous cancer cell of the head and 

« 

neck (SCCHN). Qualifications for the trails were local or regional recurrent SCCHN, 
prior treatment with standard radiation (5000 cGy), bidimensionally measurable disease 
(7.5 cm), absence of CNS metastasis, and Kamo&ky performance status of > 60%. 
30 Several different treatment regimens were included: 
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T207 (high dose^ : 0,5 - 2 x 10^^ viral particles, based on tumor volume (regimea 
A = injection on day 1; regimen B = injection on days 1, 3, 5, 8, 10 and 12); 
T201 flbigfa doseV . 0.5 - 2 x lO" viral particles, based on tumor volume (regimea 
A = injection on days 1, 2 and 3; regimen 3 = injection on days 1, 3, 5, 8, 10 and 
5 12); and 

T202 fhigh dose^ : 0.1 - 4 x 10^^ viral particles, based on tumor volume (injection 
on days 1, 2 and 3). 

Ejections were intratumoral. As stated above, all patients had been treated with prior 
radiation therapy and 59% had previous chemother^y. 

10 EXAMPLE 2: RESULTS 

The objective of these studies was to evaluate the safety and efficacy of 
ad^oviral p53 gene therapy. The objective overall response rate of ADVEXIN 
monotherapy was 10% (complete and partial response with > 50% reduction in tumor 
size). Tumor growth control (stable disease or better) was achieved in 59% of all treated 
15 tesions. FIG. 1. An ADVEXIN dose re^onse was observed in patimts who received at 

■ 

least one cycle of treatment and patients treated with higher doses had a statistically 
significant increase in median survival (T201 ^- T207 vs. T202, 243 vs. 119 days, 

p=0.0096). FIGS. 2-3. 

The overall median survival was longer flian expected in patients vAio were 

20 treated with ADVEXIN® followed by chemotherapy in each of the studies: T202 (n=20) 
330 days; T201 (n=47) 260 days; T207 (n=<i9) 2-46 days. The chemothera5)y regimens 
combined with ADVEXIN® contained standard agents conunonly administered to 
patients with recunent disease: platinum (67%), taacanes (35%), methotexate (31%), 5-FU 
(27%) and bleomycin (8%). A longer than 63q}ected median survival was observed in 

.25 patients wifli recurrent, re-treated disease (h=75) who received the highor dose of 
ADVEXIN®: 209 vs. 105 days, p=O.0163. There were no significant differmces 
between the treatment groups in prior chemofhecrq)y, time firom diagnosis, Kamofiky 
status or sites or size of tumors. 

m 

ADVEXIN® treatnient-related side effects were generally mild to modentfe in 
30 nature and included transient injection site pain and fever. In conclusion, the results from 
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these tihree independent Phase n studies indicate that intratumoral injection with 
ADVEXIN® in patients with recurrent SCCHN caused a 10% objective response and 
59% tumor growth control Moreover, treatment with ADVEXIN® in combination with 
subsequent chemotherq>y in previously treated patients with recurrent SCCHN resulted 
5 in longer than expected median survival. 

EXAMPLE 3 - PATIENT PROFILE^ 

Patient 10309 (Study T201) was diagnosed with a Stage IV squamous cell cancer 
10 of the head and neck in August, 1997. On August 22, the patient undowent a radical 
neck dissection^ which was followed by full dose radiation treatinent (September 26 - 
October 1 U 1997). In March of 1998, the tumor recurred (two lesions) and tiie patient 
was entered into Study T201. The patient was randomized to receive 3 intratumoral 
injections into each of the recurrences every treatment cycle for up to 6 cycles. Due to 
15 disease progression, the patient was tak^oi off die study on June 8, 1998 after two cycles 
of treatment (during March and April). On June 9 and on September 9 the patient was 
treated with docetaxel and carboplatin (two cycles 3 months sqpart). No other tumor 
ther^y was administered and the patient expired on February 2, 1999 (survival 331 days 
since entiy into Study T201). The survival was longer than expected. 
20 Patient 50907 (Study T201) was diagnosed with squamous cell cancer of the head 

and neck in ^ril, 1988. Between 1988 and 1998 the patient went through several 
surgeries due to disease progression. FuU dose radiation was given fix>m February though 
April and July throug^i Sq>tember, 1993 (complete response). Before beiag entered into 

« 

Study T201, the patient was treated with fh& following anti-tumor treatment: 13 cis- 
25 retinoic acid (1994 - 1996), a-interferon (1996), methotrexate (1996 - 1997), leucovorin 
(1998) and methotrexate (1998). During the last metfaotoexate treatment, the disease 
progressed. The patient was randomized into Study T201 on December 17, 1998. The 
patient was randomized to receive three intra-tumoral injections of Advexin® per cycle. 
One lesion was to be treated. After two cycles of treatment the patient was removed fiom 
30 the study treatment due to progressive disease (2/25/99). On March 9, 1999, the patient 
received one cycle of Taxol in combination widi carboplatin, ifosfamide and Mesna. The 
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patient expired on December 2, 1999 (340 day survival) The survival was longer than 
expected. 

* 

5 

All of the compositions and/or mediods disclosed and claimed herein can be made 
and executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in tenns of preferred 
embodiments, it will be apparent to those of skill in the art diat variations may be applied 
10 to the compositions and/or methods in die steps or in die sequmce of steps of the method 
described herein without departing fiom the concept, spirit and scope of the invention. 
More specifically, it will be qyparent that colain agents that are both chemically and 
physiologically related may be substituted for the agents described h^ein while the same 

or similar results would be achieved. All such similar substitutes and modifications 

> 

IS apparent to those skilled in the art are deemed to be within the spirit, scope and concept 

« 

of the invention as defined by the appended claims. 
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